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2,1 00 miles of 61-strand 


BICC conductor for Super-Grid 


The BICC Group are erecting 260 miles of 275kV 
Super-Grid for the B.E.A. One hundred and seventy 


seven miles of this will be equipped with BICC 


tl-strand steel 


6l-strand steel-cored aluminium conductor which 


cored aluminium 





conductor 


has an overall diameter of 1.125 inches. 


Actual size 


The sections of the route on which it is to be employed are 


double-circuit, with the normal Super-Grid arrangement of two et 
spaced conductors per phase: thus over 2,100 miles of conductor me i 
will be required. The load capacity of the circuits will be over six Pats a 

times that of the standard 132kV grid. Ze va = — 


In addition to steel-cored conductors, BICC also manufacture 
a comprehensive range of cadmium-copper, hard-drawn y or LA 
copper, and hard-drawn aluminium conductors. ‘ | 


Some examples are shown below. A os 
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A technical journal devoted to the study of all 
aspects of Hydro-Electric Development 


The Future for Hydro Power 


VERY now and then a leading authority on elec- 

trical power problems prophesies that the rate of 

capital investment in power generating equipment 
should be reconsidered in view of the possibility that 
saturation point may be just round the corner. Such 
predictions have been made in both Great Britain and 
in France during periods when the rate of increase of 
demand temporarily slowed down a little, although 
its recovery was rapid in the succeeding years. 

When references are made to the possibility of 
saturation in any country it is easy to point to those 
nations which are favoured by hydro power in such 
abundance and where the consumption of electrical 
energy per inhabitant per annum is in advance of all 
others; here of course Canada and Norway at once 
spring to mind. And the argument can further be 
countered by a few calculations which show the 
enormous amount of energy required to bring other 
countries of the world up to the level of the most 
advanced. In this, moreover, it is not necessary to 
adduce figures brought in from underdeveloped 
countries such as India or China; the disparity in con- 
sumption per head between some of the European 
countries, where there is a reasonably close approxi- 
mation between the potential standards of living, is 
sufficient to clinch the argument. 

Even in the countries which are most highly de- 
veloped in the electrical sense there has, in fact, been 
no sign of saturation. The emergence of a simple new 
domestic electrical appliance (for example, an electric 
blanket) can have very considerable repercussions, 
nowadays, on the supply. This is firstly because the 
majority of the nation’s homes are connected to elec- 
tricity supply systems which make reasonable charges 
for current, so that a domestic appliance can be ex- 
tensively used. Secondly, the potential sales arising 
from new equipment influence the manufacturers of 
such devices to enter on national-scale advertising, 
which would not be possible in a country where a 
significant proportion of the homes remained uncon- 
nected. or where, for one reason or another, the price 
of energy was high. Moreover, highly electrified coun- 
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tries can support within their own frontiers manufac- 
turing organisations which, thanks to their size, can 
conduct extensive research programmes, enabling 
them to provide a constant stream of new labour- 
saving devices for the home, industry, or new electri- 
cal equipment (such as are furnaces) which can per- 
form the work hitherto done less efficiently by other 
means. In point of fact, more electrification presents 
a picture which is just the reverse of a vicious circle; 
more electrification means greater markets for the 
manufacturers of both domestic and industrial equip- 
ment, more manufacturing facilities mean more re- 
search, and more research means new uses for elec- 
tricity. 

We do not therefore take our place amongst the 
pessimists in regard to the possibilities of a saturation 
point being reached in the demand for electricity, and 
were it supposed that some degree of saturation might 
arise hydro-electric engineers still have the comforting 
thought that, even in an age in which the majority of 
new power stations were of the nuclear type, their ser- 
vices would still be almost as much in demand as ever. 

Water is mankind’s greatest friend, since without 
it he cannot sustain life, nor can he grow crops or 
raise cattle; but it can also be an enemy, and when 
the floods occur no purely emergency measures can 
be of much service. The disastrous floods in Australia 
within the last 12 months, and those which periodi- 
cally occur in the United States of America indicate 
very clearly that the control of natural waterways will 
always be an essential work, and this control in- 
evitably means the generation of power. 

If it is vital to regulate a river to provide flood 
control, it is obvious that opportunity can be taken 
at the same time to improve the navigational facilities 
and to provide irrigation water where it is needed. 
With the steady increase in the world’s population 
the provision of irrigation water is likely to become 
a problem of ever-growing urgency in many lands. 
When the authorities in any country have to under- 
take water-control schemes, it is inconceivable that 
they would not at the same time—having constructed 
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very costly dams, tunnels and other works—-add rela- 
tively inexpensive hydro-electric stations to provide 
energy. In the French plans for development of the 
North African territories, it was found economic to 
install hydro-electric stations, even on a temporary 
basis, in many of the irrigation dams, although the 
engineers knew that the overall plan would provide 
that in, say, 15 years’ time, the re-arrangement of the 
water flow would almost certainly render some of the 
power stations incapable of operating. 

The stations which will undoubtedly be erected in 
the future in connection with schemes primarily in- 
augurated for flood control and irrigation may be 
somewhat unorthodox when compared with plants de- 
vised purely for hydro-electric purposes. Turbines, for 
example, may have to be designed to accept greater 
variations in head than ever before: and indeed more 
than one station operating today has two separate 
runners on the same shaft so that it can cope, with 
reasonable efficiency, with two distinct stages of water 
level in the reservoir, these stages depending on river 
flow conditions and having nothing to do with power 
requirements. 

Saturation, in our view, is not likely to enter the 
world’s power picture for many generations to come; 
but even if a slowing-down of the rate of increase 
were to occur, water power has the prime advantage 
that its fuel is not, like other fuels, a wasting asset. 


Volta River Project 


a | 

C ONTINUED study is being given to the projected 
establishment of an integrated aluminium develop- 
ment based on the water-power of the Volta River in 
the Gold Coast, West Africa. This development has 
a potential capacity of 230,000 short tons of primary 
aluminium per year and is under the joint considera- 
tion of the Governments of the Gold Coast and the 
United Kingdom, the British Aluminium Company 
Lid. and Aluminium Limited. In 1954 the company’s 
engineers and planning staffs examined various 
phases of the project in detail and its geologists made 
further confirmation of the bauxite reserves available 
in proximity to the proposed smelter site. Implemen- 
tation of the project will be further discussed and 
negotiated after the reports of the Preparatory Com- 
mission, appointed by the two Governments to study 
all aspects of the undertaking, are completed prob- 
ably around the end of 1955 


Lower Sind Barrage 


THE Lower Sind Barrage at Kotri, opened recently, 
ranks as one of the world’s greatest irrigation schemes. 
The main barrage spanning the River Indus is ap- 
proximately 3,000 ft. long and is fitted with 43 sluice 
gates, each 60 ft. span, 21 ft. deep and weighing 45 
tons. The navigation lock through the barrage is also 
of 60 ft. span and the lock gates are 21 ft. deep at one 
end and 34 ft. deep at the other. The roadway across 
the barrage is carried on a lift bridge over the span 
of the lock so that ample head room may be obtained 
when the lock is open for the passage of river craft. 
Canals at both sides of the barrage have headworks 
fitted with a total of 28 gates. Five thousand tons of 
steel were used on this important contract. The main 
barrage and canal head sluice gates, the lock gates and 
the lift bridge with their supporting structures and 
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operating gear, were supplied by Ransomes and 
Rapier Limited, at Ipswich, who were also responsible 
for their erection on site. This firm also supplied the 
gates for the Sukkur Barrage, 200 miles upstream ot 
Kotri, which was opened in 1932. 


Hydro-Electricity and Eels 


Tue possibility of trapping eels at Scottish hydro- 
electric dams and selling them to European countries 
for the restocking of their waters was suggested at a 
recent meeting of the Glasgow Philosphic Society by 
Dr. John Berry, Director for Scotland for Nature 
Conservancy. Although eels were regarded as vermin 
in British salmon and trout rivers, he stated, on the 
Continent they were regarded much more favourably 
and flourished in the more sluggish rivers there. 
Because of pollution or natural obstructions at the 
river mouths, however, the young eels were unable to 
penetrate upstream. 

Speaking on the effect of hydro-electricity on 
Nature Conservation he said that care would require 
to be taken in seeking to make the maximum use of 
water power. Drastic interference with the normal dis- 
tribution and rate of flow might seriously affect the 
natural life locally dependent on it. Also, alteration 
of the flow of rivers could have an effect on soil 
fertility because of resultant changes in the ground- 
water level. He claimed that a full study should be 
carried out by conservation officers to determine the 
best possible siting for dams and power stations and 
brought to the attention of the hydro engineers before 
they had reached their decisions on the purely tech- 
nical grounds. 

Conservation of fishing demanded the careful con- 
sideration of each individual scheme and a biological 
survey of the whole area affected as soon as any pro- 
ject was proposed. Too often in the past those con- 
cerned with conservation had been called in, if at 
all, too late to allow adequate attention being paid to 
their recommendations. 


Shawinigan’s Activities 


M R. FULLER, President of the Shawinigan Water 
& Power Company, announced recently that The 
Shawinigan Engineering Company Limited. a wholly- 
owned subsidiary, undertook to conduct a survey of 
the power potential of the Hamilton River for the 
British Newfoundland Corporation and was now pre- 
paring a report. Preliminary estimates, he stated, 
placed the potential at about 3,000,000 kW. 

Mr. Fuller told the meeting, also, of progress being 
made in Shawinigan’s research work on its electro- 
lytic process for the production of titanium metal. 

“We are now in the course of continuing work on 
the pilot-plant scale,” he said, “but it will be some 
time yet before we are able to determine the feasibility 
of the process itself and, in particular, its economics. 
Suffice to say that for the moment we have not yet 
encountered any aspects of the work which have dis- 
couraged us.” 

The president also outlined the steps the company 
was taking to increase its production of electrical 
energy, in order to keep pace with growth require- 
ments. Three additional generating units in existing 
generating stations on the upper St. Maurice River 
Rapide Blanc, Trenche and La Tuque—would be 
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coming into operation this year, adding 118,500 kW 
to the capacity, and in November the company would 
have a further 45,000 kW of capacity from other 
producers under contracts made some time ago. Late 
next year, he said, the company would also start to 
receive power from Hydro-Quebec’s Bersimis de- 
velopment. There were still undeveloped sites on the 
St. Maurice River, Mr. Fuller stated, having a total 
capacity of some 525,000 kW so there need be no 
worry as to sources of power supply for some time 
to come. Quebec still had large undeveloped sources 
of hydro power, and even though many of the sites 
were a long distance from load centres, he considered 
that improvements in long-distance transmission tech- 
niques might quite easily make their development 
economic. 


Paris Conference on Hydraulics 


Unpber the title ‘“Quatriemes Journees de 
l’Hydraulique” the Societé Hydraulique de France is 
organising a further conference to take place in the 
summer of 1956, the subject chosen for study being 
power from the sea. This subject will be considered 
under the following headings:— 
| Mechanical power of swells and tides. 
(a) Natural conditions 
(b) Experiments with models 
(c) Utilisation 
(d) Objectionable effects, such as resonance 
of basins, tidal waves and tidal currents, 
stresses and strains on the constructions. 
Il Thermal energy. 
IIl Theoretical considerations. 
The sessions will take place in Paris and there will be 
an appropriate field excursion. The exact date of the 
conference and details of the field excursion will be 
announced later, but anyone wishing to submit a 
paper or to take part in the discussion should com- 
municate with the Societé Hydraulique de France at 
199, Rue de Grenelle, Paris, 17*™*. A ten-line resumé 
of each paper should be sent in triplicate before 
January 1, 1956, and ten copies of the full text of those 
papers which have been accepted should reach the 
Societé not later than three months before the con- 
ference is announced to begin. 


Hay Drying by Hydro-Electricity 


THE changes which have taken place since the 
impact of rural electrification in Scotland were demon- 
strated at a conference in Glasgow arranged by the 
North of Scotland Hydro-Electric Board and attended 
by practical farmers who gave their own personal ex- 
perience of the aid electricity had afforded them. One 
direction in which the Board had shown enterprise 
was in the attention given to hay drying by electricity 
at Plockton, Ross-shire, where experiments have been 
in progress to demonstrate the effectiveness of a £700 
drying unit. With this seven crofters saved crops, 
which would otherwise have been completely wasted, 
totalling 124 tons of hay and 3} tons of oats; the pro- 
tein content of the hay averaged 10 per cent. with a 
peak of 11-7 per cent. and the cost of electricity em- 
ployed was £12 10s. per ton, showing a saving of 
£7 10s. per ton on imported hay which in this area 
costs around £20 per ton. In addition to this saving, 
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the protein content was higher than in most bought- 
in hay, and milk output actually increased from ani- 
mals fed on the artificially dried hay. 

The value of this technique was also emphasised by 
Mr. Alan Macdonald, a flockmaster at Roy Bridge, 
who dried 15 tons of hay from July | to August 26, 
achieving a protein content of 10-9 per cent. He is 
feeding 500 sheep at home and saving 16s. a head 
on the policy. An added advantage was that fewer 
losses were experienced through wintering the sheep 
at home. Yet another sphere of activity is the develop- 
ment of infra red heating for piggeries. 

Five years ago, it was stated, only 9 per cent of the 
farms in the Hydro-Board’s area were connected to 
the mains as against 35 per cent. in the rest of Britain. 
Now some 44 per cent. of farms in the Board’s area 
are connected as against 54 per cent. for the rest of 
the country, showing how the leeway has been made 
good. 


Snowy Mountain Progress 


REPRESENTING the first major instalment of the 
Snowy Mountains hydro-electric project, the Guthega 
dam tunnel and power station has been handed over 
to the Snowy Mountains hydro-electric authority, The 
Norwegian contractors for the work, Selmer Engineer- 
ing Proprietary Ltd., began operations in 1951. The 
site is at an altitude of 5,200 ft., in the Australian 
Alps, and the scheme comprises a gravitation dam 
with a capacity of 1,150 acre ft., a 60 MW power 
station, and a three-mile tunnel linking them. The 
head is 800 ft. The diversion tunnel which has been 
cutting off the headwaters of the Snowy River, while 
the Guthega project has been under way, has now 
been closed and this virtually marks the completion 
of a work which has cost £A9 million. 

The station was officially opened in April last by 
the Prime Minister of Australia, Mr. Menzies, who 
stated that Guthega was the first fruits of a scheme 
which represented one of the greatest co-operative 
efforts in the history of Australia. 


Artias Power Plant 


THE first of two 36,000 kVA, 600 revs. per min. 11 
kV generators supplied by the British Thomson- 
Houston Co. Ltd. for the Artias power station of 
Sociedad Productota de Fuerzas Motrices, S.A.. 
Spain, was recently commissioned. Each generator 
is driven by two single-jet Pelton turbines supplied by 
Ets. Neyrpic, of Grenoble, one wheel being overhung 
from each end of the generator shaft. These turbines 
operate under a head of 2,600 ft. 

The station is located near the Franco-Spanish bor- 
der, and the machines had to be transported to the 
site partly over French railways and partly by road, 
limiting the size of cases and the weight. To meet 
these limitations an interesting mechanical design of 
rotor was adopted. This involved the use of a pre- 
stressed hollow forging, to which stub-shafts were 
bolted. The ten poles are each carried on the central 
forging by four dovetails, thus it was possible for the 
complete rotor to be dismantled for shipment. Even 
so the central forging was only just below the trans- 
port weight limitation of 40 tons. 


20) 











Fig. |. Kilforsen falls before development 


Developments in the Angerman 
Catchment 


This important catchment in central Sweden is expected by 1957 

to have an output equivalent to over 40 per cent. of the electricity 

produced in the whole of Sweden in 1953. Kilforsen station, 

which forms the subject of this first article, is claimed to possess 

the largest single-bore water tunnel in the world; this tunnel is also 

unusual in that it is used for timber transport as well as for water 
supply to the turbines. 


PART 


HE river system forming the catchment of the 

Angerman river in central Sweden derives from an 

extensive network of lakes in the mountain range 
dividing Sweden from Norway. The Angerman itself 
flows roughly south and then turns south-east to dis- 
charge itself into the Gulf of Bothnia at Harésand. Of 
its various tributaries the two with which we are con- 
cerned are the Fjillsj6 and the Fax rivers, both lying 
to the west of the Angerman and flowing generally 
south-east. The Fijdllsj6 is the nearer of the two; it 
flows first due south from the lakes surrounding the 
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community of Fjallsj6, then turns south-east, and on 
reaching Imnas deviates south-east by south over a 
series of rapids culminating in the Kilforsen falls, 
where it turns east and finally north to flow into the 
Angerman at Akvisslan. The Fax flows south-east by 
east over Storfinnforsen to Ramsele; here it deviates 
south-east by south to Helgum where it turns east, 
and after looping north-east shortly before reaching 
Langsele, joins the Angerman at Osteras some 35 
km. below Akvisslan. The Fax originates in lake 
Sporrsj6; this lake also forms the source of the river 
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Vangel, a tributary of the Fjallsj6, so that the Fax 
and the Fjallsj6 derive in part from common head- 
waters. 

The total catchment area of the Angerman is 
31,890 sq. km., of which an area of 12,611 sq. km. 
supplies the Angerman above its confluence with the 
Fjallsj6, 8.350 sq. km. supplies the Fjallsj6, and 8,800 
sq. km. the Fax. It is expected that by 1957 this basin 
will be able to generate 9,210 million kWh, and even 
then development will not be complete. This esti- 
mated output is equivalent to 41 per cent. of the 
whole of Sweden’s electricity production for 1953 
(22,300 million kWh) and 434 per cent. of the total 
hydro-electric generation in that year (21,165 million 
kWh). 

A number of stations are in operation in the basin, 
two of which, Kilforsen and Storfinnforsen, have 
only recently been completed. Others are under con- 
struction and at least one further station is planned. 
On the Angerman river above the Fiillsj6 extensive 
developments are in progress. Farthest upstream is a 
station now under construction at Gulsele, which will 
have two 20 MW sets operating on a head of 29 m. 
and producing 250 million kWh per annum. Next 
comes Edensforsen, also under construction, having 
two 32 MW sets at 28 m. head generating 320 mil- 
lion kWh per annum. A new station is to be built 
later at Langbjérn, and at Lasele, which we shall 
describe in a later article, the largest construction on 
this section of the river is in progress. Two 64 MW 
sets will be installed here operating on a head of 
54 m. and producing 610 million kWh per annum. 

About 5 km. below the confluence with the river 
Fjallsj6 an interesting low-head station is in opera- 
tion at Namforsen, where two 27-5 MW Kaplan units 
working under a head of 23 m. supply 390 million 
kWh per annum. Incidentally this station is close to 
the village of Nasaker, which is noted for its posses- 
sion of some of the oldest cave drawings in existence. 
Replicas of some of these drawings are exhibited in 
the station entrance hall at Namforsen. 

Below Namforsen is a station at Forsmo, which at 
present contains two 40 MW sets under a head of 
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35 m. and generates 570 million kWh per annum, 
but two further sets are to be installed, which will 
increase the annual output by 200 million kWh be- 
sides increasing the peak and standby capacity. 

On the Fijallsj6 river the only development is the 
Kilforsen station, but as this is a major scheme, has 
only recently been completed, and contains some un- 
usually interesting features, we shall describe it in 
detail. It contains three 95 MW sets operating under 
a head of 99 m., and by 1960, when regulating works 
upstream are complete, will generate 1,200 million 
kWh per annum. 

On the Fax river an important station has recently 
been completed at Storfinnforsen, containing three 
36 MW sets operating under a head of 48-5 m., and 
farther downstream an even larger station is under 
construction at Ramsele to contain three 50 MW 
units. We hope to describe both these stations in 
future articles. An older station is in operation still 
farther downstream at Edsele, having a capacity of 
17-5 MW, a head of 21 m., and an annual output of 
140 million kWh. 

The schemes we have thus summarised are in 
various hands. For instance, the Forsmo, Naimforsen 
and Kilforsen stations have been built by the Swedish 
State Power Board (Kungl. Vattenfallsstyrelsen), who 
are now engaged on the construction at Lasele, 
whereas the development rights on the Fax river are 
held by the Krangede Power Company (Krangede 
AB), who are the owners of the Storfinnforsen and 
Ramsele installations. 


The Kilforsen Scheme 

A sketch map of the Kilforsen scheme is given in 
Fig. 2. Two alternatives were considered, involving 
one and two power stations respectively. In the two- 
station proposal a dam and power station were to be 
placed across the river in the vicinity of Imnids and a 
second dam just above Kilforsen, where an under- 
ground station would be constructed and a tailrace 
tunnel driven to the confluence of the Fjallsj6 and 
the Angerman. In the single-station proposal the 
river was again to be dammed in the vicinity of 
Imnis, but a canal followed by a free-flow supply 
tunnel would conduct the water almost due east to 
an artificial forebay somewhat over halfway across- 
country to the Angerman. Here an underground 
station would be constructed and a tailrace tunnel 
driven to meet the Angerman a few kilometres down- 
stream of the site of the new development at Lasele. 

On investigation, the single-station alternative was 
shown to be the more favourable on both geological 
and financial grounds. At the site proposed near 
Imnas a dam could easily be made structurally sound 
and watertight, whereas the site at Kilforsen was not 
so favourable. Furthermore, the rock along the pro- 
posed tunnel route between Imnias and the Angerman 
was a good-quality granite very suitable for tunnel 
driving, whereas along the route from Kilforsen to 
the mouth of the Fjallsj6 the rock was a sedimentary 
gneiss and not so favourable. A review of the capital 
and operating costs, power production, and of the 
resulting cost of power also definitely favoured the 
single-station scheme. 

This scheme would inevitably leave about 20 km. 
of the lowermost portion of the Fjallsj6 river bed vir- 
tually dry except during periods of overspill, and 
in order to detract as little as possible from the 
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. scenic attractions of the country- 
side—which are considerable—it 
was decided to build a series of 
five weirs along this section to 
hold an appreciable body of 
water in the river at all times, ir- 
respective of its state of flow. 
Another complication was the 
need for maintaining facilities 
for timber transport—a vitally 
important consideration in Sweden. 
The original watercourse below 
Imnis dam would be rendered 
useless by the virtual cessation of 
flow except during periods of 
overspill, so the novel idea was 
conceived of floating the logs 
through the supply tunnel itself. 
On arrival in the forebay the logs 
would be kept from the turbine 
intakes by a boom and directed 
through a log chute to the Anger- 
man below the tailrace-tunnel 
outfall. This supply tunnel, which 
has a cross-sectional area of 208 
m. (2,240 sq. ft.), is believed 
to be the largest single-bore water 
tunnel in the world, although it 
will be far surpassed by the 
tunnel at the Swedish State Power 
Board’s huge scheme at Stornorr- 
fors. where the tunnel cross sec- 
tion will be 360 sq. m. (3,880 
sq. ft.). 





Fig. 5. Marion drag scraper cutting offtake canal 
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Hydrology 

The catchment area of the 
Fjallsj6 above Imnis dam is 8,200 
sq. km. As is usual with arctic 
rivers the flow is high in spring 
and summer and low in winter. 
Before regulation the highest flood 
flow recorded was 1,200 cu. m. 
per sec. and the lowest dry- 
weather flow 15 cu. m. per sec.; 
normal flood flow was 723 cu. m. 
per sec., and the average flow 
153 cu. m. per sec. By 1960, when 
all regulation works are com- 
plete, the winter flow in a normal 
year is expected to be 187 cu. m. 
per sec. and in a diy year 138 
cu. Mm. per sec. 

The live storage on the river 
Fjallsj6 itself will be 1,540 mil- 
lion cu. m., but there is an agree- 
ment with the Krangede Power Company that 18 per 
cent. of the discharge from the lake Sporrsj6 will be 
directed along the bed of the river Vangel to the 
Fjallsj6, the remainder passing to the Fax so that with 
this access of capacity the Kilforsen development can 
command a total live storage of 2,000 million cu. m. 

The storage level at Imnias dam is 193 m. and the 
level of the Angerman at the tailrace-tunnel outfall 
84 m., giving a gross head of 99 m. 


Imnas Dam 

A view of Imnis dam during the latter stages of 
construction is given in Fig. 4, and drawings are re- 
produced in Fig. 3. It is essentially an earthfill struc- 
ture with a central regulating section in reinforced 
concrete. The earthfill portion, shown in section in 
Fig. 3, has a central concrete corewall in front of 
which is a layer of impervious fill, this construction 
being flanked on upstream and downstream sides by 
semi-pervious backfill. A filter layer of broken stone 
and macadam covers this core, and the dam is com- 
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Fig. 7. Section through supply tunnel 








Fig. 6. Bridge over offtake canal 


pleted to section by rock spoil from the tunnel. A 
total of 32,000 cu. m. of fill was required for the 
earthfill section, which is 227 m. long and 7 m. wide 
at the crest and 18 m. high to lowest rock level. The 
total length including the spillway section is 282 m. 

The spillway section has three gate openings, each 
13 m. wide, the depth from static water level to spill- 
way crest being 7:5 m. for the side openings and 5-3 
m. for the centre opening. Discharge with all gates 
open is 1,300 cu. m. per sec. 

Lifting-type sector gates are fitted to the side 
sluices, and in the centre opening is a gate which 
can be either raised or lowered to effect the discharge, 
the lowered position being used to pass ice or timber 
over the spillway. All gates and gate cheeks can be 
electrically heated in winter to prevent ice formation. 
Normally the gates are operated by a.c. motors, but 
the left-hand gate is counterweighted so that it can be 
manoeuvred by hand in an emergency. For repair 
and maintenance a portal crane is available capable 
of lifting 8 tons at maximum swing and 18 tons be- 
tween the portal legs. 


Overflow Weirs 

The five overflow weirs downstream of Imnis dam 
are placed on natural ridges across the river bed. 
They are simple concrete gravity structures, up to 5 
m. high, and are anchored to their foundations by 
steel reinforcements to withstand ice pressure. 


Canal and Supply Tunnel 

The canal forming the offtake from the river 
Fjallsj6 is 1,800 m. long and has been designed for a 
water velocity of 1 m. per sec. It has side slopes of 
1 in 2, a maximum width of 55 m. and a depth of 
12°5 m., giving a cross-sectional area of 364 sq. m. 
The channel is partly lined with riprap and has 
mostly been excavated in earth. For this purpose a 
Marion drag scraper (Fig. 5) was used having a 6 
cu. m. bucket and removing 70,000 to 100,000 cu. m. 
of spoil per month. Altogether 1,120,000 cu. m. of 
material was removed. 

This part of the work included the construction of 
a concrete bridge (Fig. 6) for public traffic and for 
access to Imnas dam. It has a central span of 48 m. 

The supply tunnel, a section through which is 
given in Fig. 7, is 3,700 m. long, 208 sq. m. in cross 


195° 





WATER POWER June 








—_—— 


EE a ee __ RE 

















—eeee ll OC 











section, and took four years to build. It is unlined, 
and a view taken in the tunnel before flooding 
appears in Fig. 8. It was driven in two halves. Where 
the quality of the rock was beyond question the 
bottom half was driven first, but for the greater part 
of the contract extraction commenced with the top 
half so that the roof could be checked and reinforced 
where necessary. Thus, from the upstream end, a 
bottom heading of about 100 sq. m. was taken out 
first for the initial 650 m. of the drive, after which 
the remaining 1,170 m. was commenced with a top 
heading of 105 sq. m. From the downstream end the 
initial 550 m. was worked with the bottom heading 
first, and the remaining 1,300 m. with the top heading 
first. In all cases the first heading was won out by 
ordinary drifting, carried out on all three shifts. 
Where the bottom heading had been driven first, the 
upper half of the tunnel was taken down by hori- 
zontal drilling from drilling stands mounted on 
lorries, the mucking being divided to leave part of 
the spoil to form a roadway for the lorries. 

This method of extracting in two stages was 
adopted in this case in order to obtain a suitable 
working level to enable the rock face to be reinforced 


Fig. 8. The supply tunnel before flooding 
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and made even to allow the timber floating through 
this part of the tunnel to pass without difficulty. Nor- 
mally extraction is carried out full face, and is con- 
ducted from wooden stands mounted on the rock 
spoil. 

As already mentioned, all the timber brought down 
the river, except that sent over the Imnads dam when 
spilling, is floated through the supply tunnel. To 
enable the progress of the logging operation to be in- 
spected and any jam cleared, a diesel-driven inspec- 
tion car is suspended from a monorail secured to the 
roof of the tunnel and running its entire length. This 
car is shown diagrammatically in the section, Fig. 7, 
and is illustrated in Fig. 9. In Fig. 10 some timber is 
seen entering the tunnel portal; the doorway behind 
the cross gangway leads to the platform giving access 
to the inspection car. 


Forebay and Power-Station Dam 

The supply tunnel leads to a forebay, 150,000 sq. 
m. in area, formed by damming a valley at the 
site chosen for the power station. The power-station 
intake structure forms the left-hand portion of the 
retaining structure, the remainder consisting of a 
rockfill dam 740 m. long and 
60 m. wide at the crest, and 23 m. 
high to lowest foundation. This 
dam, a section through which is 
given in Fig. 11, has a central im- 
pervious core flanked by filter 
layers of gravel and broken 
stone, the dam being completed 
by rock spoil from the tunnel ex- 
cavation. As there was a con- 
siderable surplus of this blast 
stone the dam section was made 
far in excess of that required for 
strength; indeed the dam provided 
a convenient and sensible means 
of disposing of the surplus soil. 

Communication between the 
offtake from the Fjallsj6 river at 
Imnaés and the power-station 
forebay is completely unrestricted, 
as there are no control works at 
either end of the supply tunnel, 
and seeing that regulation is car- 
ried out at Imnas dam the power- 
station dam will never be over- 
topped and does not need a spill- 
way section. Nevertheless, pro- 
vision had to be made to pass 
timber to the Angerman. A rock- 
fill and timber boom has there- 
fore been constructed across the 
forebay to guide the logs to a 
chute-intake structure located 
between the station intake and 
the rockfill dam. This structure is 
in the form of a floating scoop, 
24 m. long by 14 m. wide, which 
collects the logs irrespective of 
the prevailing water level and 
directs them through a sluice gate 
to a culvert in the dam and thence 
to a chute 3,125 m. long dis- 
charging to the Angerman just 
below the tailrace-tunnel out- 
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fall. At a water flow of 6 cu. m. per sec. and a depth 
of 0-6 m. it is possible to handle 15,000 logs per hour. 

The chute itself, which is seen in action in Fig. 12, 
is built up of 6 m. lengths of 3 mm. steel plate bent 
into the form of a trough. Each length is supported at 
its upstream end on a stirrup formed of steel plate 
welded into a box-section structure. The downstream 
end is telescoped into the upstream end of the suc- 
ceeding length, the joint being made by a rubber 
gasket. 


Penstocks, Machine Hall and Tailrace Tunnel 
As will be seen from the sectional elevation, Fig. 
13, and plan, Fig. 14, three penstocks lead vertically 
downwards to their respective machines in an under- 
ground machine hall, whence the three draught tubes 
discharge to a common tailrace tunnel. This layout 
is typical of current Swedish practice, as it is regarded 
as presenting the best combination of low construc- 
tion cost and high efficiency. An underground station, 
quite apart from its advantage in military security, 
tends to be cheaper than a surface station, and it can 
be placed in the most favourable position hydrauli- 
cally without reference to surface features. By placing 
the station vertically below the intake the penstocks 
are kept as short as possible, thus minimising the ex- 
penditure on pressure-tunnel construction and also 
the head loss due to friction in the penstock. The 
long tailrace tunnel required is comparatively cheap 
to construct because it is under negligible pressure 
and does not need to be lined except where the rock 
is weak. 
A view of the intake structure in the early stages 


































Fig. 9. Inspection car for controlling logging through 
the tunnel 





Fig. 10. Timber entering the tunnel portal 
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Fig. 11. Section through power station dam; due to the amount of blast stone available this dam has been 
given dimensions far in excess of those required 


of construction appears in Fig. 15. It is of reinforced 
concrete and comprises three intakes each 7:8 m. 
wide and 10:2 m. high, and a lift shaft. These intakes 
are provided with the usual trashracks, and are con- 
trolled by sluice gates built by Louis Eilers Fabrik 
fiir Eisenhoch-und Briickenbau, Hanover, Germany. 
The gates are hydraulically operated, and in the event 
of a machine being tripped out for a reason necessi- 
tating shutting off the penstock, the corresponding 
gate can close automatically in 12 sec. The gates, 
gate cheeks and concrete reinforcement are electri- 
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Fig. 12. The log chute in action 
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cally heated in winter to prevent freezing up. 

Each penstock is 5-4 m. in diameter and 92 m. long, 
and is designed for a maximum flow of 100 cu. m. 
per sec., giving a velocity of 4-3 m. per sec. The shafts 
are concrete lined, and are further protected by 
linings of steel plate, in thicknesses up to 30 mm., 
designed to take the full hydraulic pressure. An air 
vent, which can also act as an overspill, is arranged 
at the top of each penstock behind the sluice gate. 

In Fig. 16, taken at an interesting stage of construc- 
tion, can be seen the three partially completed pen- 
stocks rising towards their intakes. 
and the lift shaft. Behind this shaft 
is the logging culvert, and in the 
background is part of the rockfill 
dam. After the structure was com- 
pleted the area was backfilled. 

The machine hall is 96 m. long. 
18 m. wide, 18 m. high from the 
machine floor, and 43 m. in total 
height. To support the roof, roof- 
bolts were inserted, wire netting 
applied to the face, and the whole 
surface gunited. At the sides of 
the chamber the rock is dressed 
clean and left exposed. This is a 
practice much favoured in Sweden. 
and with the excellent lighting 
the appearance is most effective. 

The crane runway is supported 
on independent reinforced-con- 
crete stanchions, and carries two 
225 ton cranes built by A. B. 
Motala Verkstad. 

Leading off at an angle to the 
machine hall, as shown in the 
plan, Fig. 14, is a second hall con- 
taining the primary switchgear 
and the four main transformers. 
From each transformer cubicle a 
cable shaft rises vertically to the 
surface; these shafts are only 
90 c.m. in diameter and were 
drilled full bore by a special head 
using steel filings as the cutting 
agent. 

Access to the station for wheeled 
traffic is afforded by a road tun- 
nel, sloping at | in 7, which wa. 
used initially for construction 
purposes but has been retaivcd as 
part of the permanent 'ayout. 
Anchor bolts are sun’ into the 
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Fig. 13. Sectional elevation through Kilforsen power station with subsidiary sections to show 
surge portion of tailrace tunnel 
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tunnel sides at intervals so that heavy loads, such as 
transformers, can be lowered under full control. 
The tailrace tunnel is 2.680 m. long, 13 m. wide 
and 14-5 m. high, giving a cross-sectional area of 176 
sq. m., but for the first 250 m. its height is increased 





Fig. 15. Intake structure in early stages of construction; the supply tunnel exit can be seen 
in the distance 
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by a further 8 m. giving a cross- 
sectional area of 280 sq. m. to 
form a surge chamber. 

The first 882 m. of the drive 
from the upstream end was car- 
ried out by a bottom heading of 
88 sq. m. cross section followed 
by an overhand stope to bring the 
tunnel to full height. For this 
latter operation a new method 
was followed which enabled all 
drilling to be done while work on 
the bottom heading was in pro- 
gress about 100 m. farther along 
the tunnel. A specially constructed 
carriage (Figs. 17 and 18) in the 
bottom heading carried a battery 
of 12 Atlas RH pneumatic-pusher 
type drills, with which holes, 
65 m. long, were drilled from 
below upwards at 60° to the hori- 
zontal. The carriage was manned 
by two or three drillers per shift. 
By this means the entire roof was 
drilled and the bottom heading 
completed before the roof was 
blasted. Transportation of the 
drilling equipment was simplified 
because it did not have to be moved 
over the muck pile, and roof in- 
spection was facilitated. Charging 
was carried out partly from a 
special stand carried on a Euclid 
truck and partly from a scaling 
stand on a Brockway truck, the 
explosive being LFIV dynamite 
fired by short-delay detonators. A 
comparison with the normal 
method of horizontal drilling gave 
the results shown in Table I. 
Special attention is directed to the 
remarkable increase in the metres drilled per man- 
shift. due to the ability of a driller to manage several 
drills with this rig. It was also found possible to con- 
trol the breaking direction of the rocks to the best 
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Fig. 16. Intake structure under construction showing partially completed 
penstocks, the lift shaft and the logging culvert 


advantage for loading, and fragmentation was such 
that the loader capacity was increased. 

As regards the wider application of the method, in 
good rock, where conditions for drilling to full sec- 
tion are favourable, the new method has proved more 











Taste I economical than the usual methods, as can be seen 
ry Increase from Table I, but in poor rock, where part of the roof 
reo] BA or has to be left in place and subsequently brought down 
decrease by horizontal drilling, the comparison is not as yet 
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Fig. 17. Special drilling carriage used for taking top lift of tailrace tunnel 
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Fig. 18. Special drilling carriage in use 


— followed by horizontal drilling of the bottom 
ift. 

The drive from the downstream end commenced 
with a 54 sq. m. bottom heading followed by 24 m. 
side slashes, this being necessary because the avail- 
able excavator was too small for the full section of 100 
sq. m. As soon as a larger machine was available, the 
bottom heading was driven full face. The upper half 
of the tunnel was drilled in the normal manner from 
stands built on the muck pile. 


Excavators, Transport and Drilling Equipment 
Many types of excavators were used. both in the 
underground excavations and on the surface, includ- 
ing Ruston-Bucyrus 4RB, 19RB, 1|ORBT and 17RB, 
Marion Ma461 and Ma7400, Northwest N80D, Lima 


802, Menck, and others. Bucket 
sizes for high-level digging ranged 
from 4 to 2 cu. m. and for drag- 
scraper work from 3 to 6 cu. m. 

Trackless transport is almost 
universal in Sweden, as it enables 
gradients up to | in 7 to be 
accommodated, and spoil and 
materials were carried by Euclid 
trucks and Scania Vabis lorries. 

About 150 type RH pneumatic- 
pusher Atlas drills were in opera- 
tion, in addition to a number of 
RH hand-held drills. 

Three compressor stations were 
in service. The central station was 
equipped with five water-cooled 
Atlas Copco air compressors, 
namely: 

(a) 2 two-stage, two-cylinder, 
compressors type ARS512, each 
having a free-air delivery of 807 
cu. ft. per min. at a working pres- 
sure of 170 Ib. per sq. in. 

(b) 1 two-stage, two-cylinder, 
compressor type AR3, having a 
free-air delivery of 570 cu. ft. per 
min. at 100 Ib. per sq. in. 

(c) 2 two-stage, two-cylinder, 
compressors type OK8, each 
having a free-air delivery of 557 
cu. ft. per min. at 100 Ib. per 
sq. in. 

The following four water-cooled Atlas Copco air 
compressors were also installed at the tailrace tunnel 
outlet: 

(a) 2 two-stage, two-cylinder, compressors type 
OKS, each having a free-air delivery of 320 cu. ft. 
per min. at a working pressure of 100 Ib. per sq. in. 

(b) 2 type OK8 compressors, the data being as given 
above. 

At the supply-tunnel inlet four Atlas Copco air 
compressors were also in service, namely: 

(a) 2 compressors of type AR3 and | of type OK8, 

(b) 1 two-stage, air-cooled compressor type GF6R, 
having a free-air delivery of 250 cu. ft. per min. at 
100 Ib. per sq. in. 

(To be continued) 





Safety and Efficiency Exhibition. Arrangements for 
the Third Safety and Factory Efficiency Exhibition, 
organised by the Birmingham & District Industrial 
Safety Group, are progressing satisfactorily. The Ex- 
hibition is to be officially opened on Friday, 24th June, 
and will continue for one week. 

The emphasis of the Exhibition is on the safety, 
health and welfare of all industrial workers. coupled 
with factory efficiency in the broadest sense. All types 
of mechanical guards and other devices designed to 
protect operators in the use of modern machinery will 
be on view. The Exhibition will include all kinds of 
protective clothing, boots and shoes with steel toe- 
caps, material-handling equipment, barrier creams 
protecting against industrial dermatitis, detergents and 
other chemical products. Opportunity is being taken 
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to arrange a series of day and half-day Conferences 
during the week and the Institute of Industrial Super- 
visors, Institution of Works Managers, Institute of 
Personnel Management and the British Electricity 
Authority have agreed to take part. 

Peribonka River Development. It has been brought 
to our notice that the transformers installed at the 
ALCAN Peribonka power station and described on 
page 137, April 1955 issue, were manufactured by the 
English Electric Company of Canada Limited, which, 
although associated with the English Electric Co. Ltd. 
of England, operates entirely independently in matters 
of design and manufacture. From the wording in the 
article it might have been inferred that these trans- 
formers had been manufactured by the British com- 
pany, which was not the case. 
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Data for Preliminary Estimates 


The authors discuss a quick method of estimating the 
relative cost of alternative designs for a projected hydro- 
electric power station. 


By P. C. NAG, Asst. Director, CW&PC, India, and 
K. MADHAVAN, Ex.Asst. Director, CW&PC, India 


ORRECT estimate and reasonable financial fore- 
cast are essential both for a selection to be made 
of various alternative schemes for power develop- 
ment, and to allocate costs to the different functions 
of a multi-purpose river-valley project. It is a general 
experience in all countries that inadequate funds are 
too often made available for preliminary planning of 
this kind, and the scope of detailed investigation is 
thus limited. Many possibilities are available in the 
matter of selecting equipment, and it is often im- 
practicable to consult manufacturers during the very 
early stages of design. It is therefore imperative that 
the preliminary planning of the project should be 
made in such a manner that requirements can be met 
by the manufacturers without much deviation, so that 
a proper estimate of the cost can be made. Such an 
estimation is greatly facilitated by the use of graphs 
and nomographs which can be made to translate data 
from projects already constructed. An attempt has 
been made in this article to present some useful data 
of this kind for a quick preliminary determination of 
the size of the equipment and the dimensions of the 
power house. 
Power studies, preceding the pre- 
liminary design, will generally fur- 
nish information as to plant capacity, 





lower will be the cost of installation as a whole. 

The physical size of the various parts of a hydraulic 
turbine can be expressed in terms of its discharge 
diameter. To determine this calculation the peripheral 
coefficient, or the ratio of the peripheral speed at 
discharge diameter to the spouting velocity at the 
designed head, has be estimated. The specific speed 
and peripheral coefficient differ slightly from manu- 
facturer to manufacturer. In this article average values 
have been used. 

Propeller and Kaplan turbines. These are inherently 
suitable for low-head developments because their high 
speed reduces the cost of the generators and reduces 
the dimensions of the power house. They are usually 
used for heads up to 100 ft. but there are instances 
where they have been used for higher heads, e.g. the 
7,600 h.p. units at 184 ft. at the Rocchetta scheme in 
Italy. 

Adjustable-blade turbines are preferable where the 
variations in head and output are considerable be 
cause of their high efficiency over a wider range of 
conditions. The following are a few points against 
propeller turbines: 
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rated at the maximum output and w ra a ra} e Ps 
not at the point of maximum effi- a = 4 tld 600— T Z 
; ane =P -<— a 
ciency, but the availability of water uv = 9 40,0004 sot 7 5° 
during the dry season has to be con- G ra) a 4 eo Oe 
sidered and the turbine is generally a cs © 10,000 4 L 4-0 
so rated that it works on its best a 7 : 3004 
efficiency for the major portion of $ @ 5,000 + + 
this period, keeping in view the basic = 5 ] 200 
power commitment. ma 4 r- 3-0 
Specific speed is accepted as a Q 2,00 : 
basis for comparing the characteris- 1,000 4 x 
tics of hydraulic turbines, and gener- 100~ 
ally the higher the specific speed for Fig. 3. Discharge diameter and specific speed 
a given head and horsepower, the for Francis turbine 2-0 
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Fig. 4 (above). Ratio of n/n, 


Fig. 5 (right). Draft tube dimensions in terms of 
discharge diameter 
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Fig. 6. Dimensions of existing scroll cases in terms of 
percentage of the discharge diameters of the turbines 
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Figs. 8 and 9. Generator diameter and weight 
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(a) There are economic limits to preventing cavi- 
tation by lowering the setting of the wheel. , 

(b) High runaway speed requires an expensive 
generator. 

(c) High hydraulic thrust necessitates a costly thrust 
bearing. 

(d) Because of the long passageway from the guide 
vanes to the runner vanes it is not highly responsive 
to load change and thereby requires additional WR’. 

(ec) Usually the cost of a Kaplan turbine, with its 
complicated blade mechanism and control apparatus, 
far exceeds that of the Francis and fixed-blade pro- 
peller type. 

Francis Turbines. Francis turbines are usually used 
for heads of 50 ft. and above, the normal maximum 
limit being up to about 1,000 ft., but the modern trend 
is towards the use of this type for still higher heads, 
as is indicated from the installations cited in Table I. 
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Plant Country Head Power Speed 

ft. h.p. r.p.m. 
Fionnay . |Switzerland . 1490 63,200 750 
Leinberg . | Austria 1430 77,700 500 
Vinstra . | Norway 1360 69.000 | 500 


The following factors call for consideration in 
deciding between Francis and impulse wheels for high- 
head installations:— 

1. Setting loss is eliminated in Francis turbine. 

2. Where there are large fluctuations of head-water 
level, the low-specific-speed Francis turbine can 
accommodate a head variation of approximately 
+35 per cent. without undue change in the charac- 
teristics, whereas the impulse wheel can only 
operate to about +20 per cent. normal head to 
maintain reasonable efficiency. 

3. Impulse turbines give better efficiency for smaller 
part-load operation. 

4. The higher specific speed of the Francis turbine 
leads to smaller overall dimensions for the generat- 
ing unit as a whole. 

(a) Discharge diameter. For calculating the dis- 
charge diameter the equations used for specific speed 
and peripheral coefficients are given in Table II. The 
full-gate efficiency of the turbine has been taken 
as 88 per cent. and the generator efficiency as 96 
per cent. (see Figs. 1, 2 and 3). 

















TABLE Il 
Equation for Equation for 
Type of Turbine specific speed peripheral 
Ns coefficient 
Fixed-blade 350 
propeller : ha?/4 0:065 n.3/* 
Adjustable-blade 520 
_(Kaplan) . . .| sia 8 _|__0°068 n,?/8 
675 
Francis V ha 0-086 n,7/13 








Where ha= Design head; n.= Specific speed; n= Synchronous 
; speed of generator. 
The discharge diameter is given by 


p — 153.9 Vhe 


n 

From Fig. 4 the ratio of n/n, (and therefore n) can 
be obtained from head and horsepower. 

(b) Draft tube. The dimensions of the draft tube 
are given in terms of discharge diameter = D in Fig. 5. 
These dimensions are usually suitable for all types 
of turbine of medium and large size. 

(c) Scroll-case dimension. The scroll case may be 
of cast iron, concrete, cast steel, or steel plate. Con- 
crete scroll cases can be used for working heads up 
to about 90 ft. and a maximum capacity of 100,000 
h.p. The dimensions of concrete scroll cases are given 
in terms of discharge diameter D in Fig. 7. Dimensions 
of the steel scroll case are given in terms of the dis- 
charge diameter calculated from existing plants (see 
Fig. 6). 

(d) Generator dimensions. Referring to Fig. 8, the 
diameter of the generator has been given in inches 
against kVA rating for various speeds. These dimen- 
sions have been obtained from the dimensions of 
existing plants having the usual three bearings. 
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SECTION BB. Sonics eae D 
MACHINE Q. SERVICE." us B.C. ROOM 
Fig. 12. Example of preliminary estimate for SHOP Regrets , seahuaeaia 
13,333 kW plant operating under a head of t y AOrAGES ‘ 
200 ft. at an elevation of 1,000 ft. | pe st ; ¢ eq E 


(e) Weight of the generator (Fig. 9). The 
weight of the generator is given in long tons 
against kVA capacity. The heaviest piece, the 
rotor, which usually determines the capacity 
of the power-house crane, is approximately 
50 per cent. of the net weight of a generator 
of normal WR’. 

(f) Crane span; unit spacing (Fig. 10). Unit 
spacing is usually determined by the size of 
the scroll case and the width of the draft tube. 
The unit spacing in terms of the discharge Sicilia aah 
diameter is given in Fig 10a and its rela- I 
tion to the discharge in Fig. 105. Unit SECTION A.A. 
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spacing for concrete scroll case, steel scroll case, with 
and without pressure regulator, is given on the basis 
of existing plants. The crane span and height to crane 
rail level are given in Fig. 10c and 10d for various 
heads and capacities of the generator on the same 
basis. 

(g) Setting (Fig. 11). The setting of the centreline 
of the distributor in relation to minimum tailwater 
to provide enough safety against cavitation can be 
determined from Figs. lla, b and c. The plant sigma 
(~) adopted is on the basis of existing plants. The 
product of head and o, (cH) is given against head 
in Fig. lla. This applies only if specific speeds are 
kept within those specified in the Figs. 1, 2 and 3. 
From 115 the atmospheric pressure at the particular 
elevation where the plant is located can be determined. 
From 114 the vapour pressure for maximum tempera- 
ture of the water that will pass through the turbine 
can be estimated. The setting H, above minimum tail- 
water is determined from the following equation:- 

H, = (Ha- Hv)- cH 

H, represents the height from minimum tailwater 
to the section of the runner where discharge area is 
minimum. The distance b of this section below the 
centreline of the distributor can be obtained from 
Fig. llc. Then Z=H, +b where Z is the setting of the 
centreline of the distributor over minimum tailwater. 
The following example will help to understand the 
use of the data. 


Example (Fig. 12) 
Design head = 200 ft., elevation = 1,000 ft., maximum 
temperature of water=75°F., generator capacity 
13,333 kW at unity power factor, turbine capacity 
18,500 h.p. 
From Fig. 3 G@ = 890 under design head of 200 ft. 
and full gate output of 18.500 h.p. 
n, = 48 (ideal). 
D = 65 ft. 
From Fig. 4 n/n, = 5-5 therefore n 
No. of poles of generator 1s given by 
120 x cycles 6000 
n 264 


6000 250 
he 250 r.p.m., and n, 5-5 


264 r.p.m. 


for 50 cycles = 22-8 (say 24). 


Then new speed = 


45:5 (adopted n,). 
Draft Tube. Draft tube dimensions are taken from 
Fig. 5 and are shown on the drawing in Fig. 12. 
Scroll Case. The example comes within the range of 
a steel-plate scroll case and the dimensions are read 
in percentages of D from Fig. 6 against a specific 
speed of 45-5, as follows:— 


pa Percentage Actual dimension 
Dimension _ oy in ft 
A 117 76 
B 201 13-0 
C 186 12:1 
E 165 10°8 
F 131 | 8:5 
G 152 99 


Unit spacing, crane span and height: 
From Fig. 10a, 10b unit spacing = 32 ft. 
From Fig. 10c, crane span = 41-5 ft. 
From Fig. 10d, crane rail height = 37:5 ft. 
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Generator Size and Weight 


From Fig. 8 diameter of generator == 220 in. 
From Fig. 9 generator weight = 100 tons 
Approximate weight of rotor for 

normal W R* = 50 tons 
Crane-hook capacity required 55 (say) ton: 


Setting. For an elevation of 1,000 ft. above mean 
sea level: 
H,, = 32:8 from Fig. 115, and for water temperature 
of 75°F. 
H, = 1, from Fig. 1 1b. 


From Fig. lla (eH) = 25-2 
H, = H.-H. - cH = 328 - 1 - 25-2 
6°6 ft. 


From Fig. llc b/D=0-17, therefore b= 1-1 ft. Hence 
Z=66 = 1:1=7°77 ft. 

With the above dimensions suitable drawings can 
be made (Fig. 12) and the quantities can be estimated 
with a fair amount of accuracy. While making the 
drawings provision must be made for a service bay 
of approximately the same length as the unit spacing 
and provision made for a control room, d.c. equip- 
ment, a workshop, space for oil storage and puriti- 
cation, compressing plant, pipelines for governor oil, 
etc., service equipment, compressor, unit control 
board, room for shift engineers, offices, and so forth. 


Compressed Air Society’s Jubilee 


The annual luncheon of the British Compressed 
Air Society held at London recently, marked the 
Silver Jubilee of the society. The luncheon was fol- 
lowed by the annual general meeting of the society 
when the retiring President, Mr. J. T. Holman, opened 
the proceedings by extending a welcome to the 
society’s first Chairman, Mr. E. C. Dunkerton. The 
President paid tribute to Mr. Dunkerton’s original 
work in the society, and made reference to its growth 
and activities since those early days. Mr. Dunkerton 
followed with a short address outlining the steps that 
led to the formation of the society and recalled how 
in the leaner times of 25 years ago, a few makers of 
compressed air equipment banded together under the 
aegis of the Department of Overseas Trade to watch 
the interests of their industry, as a result of which the 
B.C.A.S. was born in the early days of 1930. Mr. 
Dunkerton referred to some of the valuable work 
carried out in those early days, particularly in regard 
to standardisation and uniformity of technical terms. 
He expressed gratification at the growth of the 
B.C.A.S., and drew attention to the council’s report 
illustrating the present multifarious interests of the 
society as some measure of its development and wide 
activities today. 

The thanks of the society were tendered to Mr. 
Charles Pike (The Aerograph Co. Ltd.) who had 
throughout the quarter of the century acted as one 
of the Honorary Auditors of the society. Mr. J. Beken 
(Hick Hargreaves & Co. Ltd.) with Mr. H. G. Har- 
wood (Hugh Wood & Co. Ltd.) accepted the invita- 
tion to serve as Joint Honorary Auditors during the 
ensuing year. 

The address of the society has been changed recently 
and is now: British Compressed Air Society, 32, 
Victoria Street, London, $.W.1. Telephone: ABBey 
2141. 
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Developments 


in the Building 


of Storage Pumps 


The author, of Escher Wyss Limited, discusses the innumerable 

factors which have to be taken into consideration in designing 

plant which will work efficiently in the varying conditions under 
which pumped storage systems are required to operate. 


By A. PFENNINGER 


HE size and design of storage pumps chiefly de- 

pends on the kind of duty for which they are to 

be employed. On the one hand the water that is 
available at a lower level has to be pumped up to 
high-level natural or artificial lakes to supplement the 
volume of water contained therein, usually for dry- 
season service. On the other hand short-term com- 
pensation of the water economy may be concerned 
which is most frequently the case with so-called com- 
bined power stations. In an installation of this kind, 
equipped with turbine and pump, compensation 1s 
possible at any time, so that the storage pump can be 
brought into service for very short periods as well 
as for days or weeks. Plants of this type have been 
built for widely differing conditions (Fig. 1). 

The large quantities of water dealt with by turbines 
and the continual increase which has taken place in 
unit outputs, has necessitated that corresponding in- 
creases should take place in the capacity of the storage 
pumps involved. The water dealt with by the turbine 
should be raised in as short a time as possible from 
the compensating reservoir up to the storage lake, so 
that, for exceptionally large requirements of electric 
energy, the turbine operation can be ensured as far 
as possible without lengthy interruptions. The pumps 
are of course operated during periods when power 
requirements are at a minimum, i.e., chiefly at night, 
when low-tariff current is available. However cheap 
this current may be, it is necessary to economise in its 
use as much as possible so that a highly efficient 
pumping installation is called for. Consequently 
pumps of ever larger capacity are being designed and 
the work of the research laboratory is continually 
devoted to solving new requirements. 


High Efficiencies with Best Cavitation Characteristics 
of the Impellers 

Depending on the volumes of water to be dealt with 
am the required delivery heads, the problems to be 
solved may differ considerably. It is the specific speed 
of the impeller which, according to local conditions, 
is of main importance for the design of the pumps; 
in any project it is this which has to be particularly 
borne in mind, both in regard to the efficiency of 
operation and to freedom of cavitation dangers. 

In addition, there is the almost equally important 
consideration of the pump characteristics. According 
to the range of operation, i.e.. whether a smaller or 
larger range of delivery heads has to be dealt with, 
different needs will arise as regards the course of the 
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delivery-head curve in relation to the discharged quan- 
tities. The necessity of a stable characteristic line also 
becomes more and more evident with increase in the 
delivery head. Such a stable characteristic line has to 
be attained if the losses in a pump stage are to be 
reduced in the range of small delivery quantities. 
These losses, arising from flow deviation, are chiefly 
a consequence of the pump design being no longer in 
accordance with the actual water flow that sets in 
beyond the calculation point. Measures for reducing 
the losses when operating at a point that is displaced 
considerably from the normal discharge quantity to- 
wards the zero mark may of course favourably in- 
fluence the characteristic line in this limited field, 
but have the drawback that the efficiency in the main 
operating field is simultaneously impaired. 

In order to be able to deal with this appreciable 
loss of efficiency, which makes itself evident by in- 








power house with generator, tur- | static head of turbine — static 


bine and pump with vertical shaft. delivery head of pump. 


Il power house with generator, tur- 2 static negative suction head of tur- 
bine and pump with horizontal bine — static inlet head of pump. 
shaft. 3 back-pressure of turbine. 


a natural or artificial storage lake. 4 static head of pump on suction 
b compensating reservoir of |. side. 
€ compensating reservoir or river © Generator 

course of fl. T Turbine P Pump 


Fig. 1. General arrangement of a storage plant with 
utilisation of the whole head in two power plant 
Stages 
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Figs. 2a and 2b. Stroboscopic photographs of the inlet part of a model runner when 


operating with water. Speed n 


2,000 r.pm. The use of numbers to designate 


separate blades offers the possibility of investigating special features more closely 

when removal is effected. All operating conditions can be adjusted from cemmencing 

cavitation (Fig. 2a) to pronounced cavitation (Fig. 2b). The admissible suction head 

can be determined in conjunction with measurements carried out simultaneously, 
as also on the basis of data from trials employing air 


creased power requirements in the main operating 
field, the characteristic lines, for the optimum effi- 
ciency that is aimed at, must be such that, in special 
cases, any operation is possible therewith. Moreover, 
in the so-called starting-up pressure of the pump the 
necessary reserves against drops in frequency must 
also be contained, so that in the event of a smaller 
operating speed with insufficient available energy. no 
back-flow of the water can occur. 


Requirements for Preliminary 
Work in the Laboratory 

Since storage pumps occupy a 
particular position in the very 
diversified fields of pump con- 
struction, the laboratory investi- 
gations needed for their develop- 
ment call for special treatment, as 
every detail of the pump which 
may play a part in attaining the 
specified capacity must be in- 
vestigated most carefully. The 
results obtained from such in- 
vestigations are of course made 
good use of in the building of 
pumps supplied for other pur- 
poses, so that one line of research 
benefits another. At the Escher 
Wyss works the development trials 
for pumps and compressors have 
for a long time been combined, it 
having been found that the use of 
air as testing medium in pumps 
offers substantial advantages. The 
reason for this is that aero-dynamic 
testing methods afford an impor- 
tant new insight into the flow 
phenomena of pumps. 

Whereas it was previously con- 
sidered that a single pump stage 
could be effectively investigated 
as a whole, such summary ap- 
proach is no longer sufficient for 
present demands. Up-to-date ex- 
perimental work also calls for 
knowledge of the phenomena in- 


,7) 





side the boundary layers, and the reasons for detach- 
ment at certain parts of the components, if losses are 
to be avoided. It is only by adopting refined methods 
of investigation which go still deeper into the flow 
mechanism that it is possible to bring the machines 
to the highest level of efficiency and economy. 


Tests with Air for Investigating Cavitation 
The less head required for a storage pump on the 


Fig. 3. Model runner with measuring apparatus inserted by means of 
which the inlet parts of the runner blades endangered by cavitation can 
be exactly checked. These measurements, together with stroboscopic 
observation during the hydraulic triai, Figs. 2a and 2b (as also deter- 
mination of the pressure course from the tests with air, Fig. 4), provide 
together the basis for designing runner blades with the most favourable 


cavitation coefficients 
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Fig. 5. Model runner with measurement bores on the 
sections I—V of the blades (see Fig. 4). Each bore is 
connected to one of the small tubes visible on the hub 
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Fig. 4. Pressure distribution at the inlet of two runners as measured during 
the tests with air. Large vacuum peaks in the case of wheel A led to the 
design of a new runner wheel with due consideration of the measurement 


results. This brought about a much better course of 
the vacuum field in the case of runner B. The prac- 
tical effect of this further development on the runner 
of a 28,000 h.p. pump lies in better utilisation of the 
storage plant, because the inlet head can be reduced 
to a considerable extent. This means that the balanc- 
ing reservoir can be pumped out to a lower level, 
without trouble resulting from cavitation 


suction side for normal installation conditions, the 
more favourably can the unit generally be erected. 
In most instances this means a reduction in the cost 
of the power house. The attainment of minimum in- 
let heads represents an important condition and 
definitely calls for careful investigation. In this matter 
it is necessary to employ all modern aids, namely, 
stroboscopes in conjunction with cameras (Fig. 2), 
exact designs and measurements at the points of the 
blades sensitive to cavitation (Fig. 3), measurements 
of pressure courses in the blade channels (Fig. 4), and 
comparative trials with different blade shapes by 
means of air tests (Figs. 5 and 6). By employing air 
tests the cavitation conditions at the inlet of a pump 
impeller may be determined with every accuracy by 
taking pressure measurements. The example referred 
to illustrates the arrangement employed in one particu- 
lar case with a large number of pressure measuring 
points on the endangered parts and in the channels 
between the impeller blades. What can be determined 
with a hydraulic test only by adopting stroboscopic 
observation, can be very accurately measured by the 
aerodynamic method. Moreover, with such reliable 
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Fig. 6. Assembled core of the model runner as per Fig. 
5 with the small tubes inserted, taken before casting 


figures at hand it is much more readily possible to 
judge the required design, for example of the inlet 
edge of a pump impeller blade. The measurement 
results of Fig. 4 show with all clarity how considerable 
is the effect of a relatively small change in the respec- 
tive part on the design of the sub-pressure points 
which can lead to a cavitation attack. 

Apart from continued improvements in the cavita- 
tion characteristics, all measurements for increasing 
the efficiency are of importance. In the case of. say, 
large storage pumps already in operation and having 
power inputs exceeding 60,000 h.p., each per cent. in 
efficiency that can be gained is an objective to be 
striven for. Although the involved flow processes of 
a pump are not fully known, particularly in the im- 
peller and guide wheel, it has proved possible to raise 
the efficiency of storage pumps to 
something closely approaching the 
efficiencies of turbines. 


Adaptation of Pump 
Characteristics to 
Operational Conditions 

Special attention is needed for 
adapting the pump characteristics 
to requirements in practice. Where- 
as in one case a flat <Q-H line 
may be of advantage, it may be 
that under another set of condi- 
tions preference should be given 
to a steepercharacteristic line. The 
gradient of the discharge head line 
can be considerably influenced 
both by the shape of the runner 
blades as also by the design of the 
guide apparatus. The desired re- 
sults can only be obtained by 
systematically carrying out whole 
series of tests. For some time now 
adjustable guides have been dis- 
pensed with because the advan- 
tages expected from them proved 
to be unfavourable in relation to 
the difficulties they cause in actual 
operation. The design now exclu- 
sively employed with non-adjust- 
able guide vanes also brings about 
a simplification in that only a cir- 
cular valve is needed in place of 
the guide apparatus and rotary 
valve. 
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The Importance of Apparently Minor Factors 

Care in design of all other water-conducting parts 
of a storage pump is likewise of the greatest import- 
ance. These include especially the suction or supply 
branches (Fig. 7) shortly before the first impeller, 
which often have to be of special shape because of 
the need for accommodating the bearings and stuff- 
ing boxes as close to the pump as possible in order to 
raise the critical speed (Fig. 8). Despite the possibly 
difficult course of the flow cross-sections in such 
supply branches, that are chiefly in the form of bends, 
the water must flow axially to the wheel inlet over 
the whole circumference, because only in this way 
can the impeller wheel, which has been calculated fo: 
these conditions, duly fulfil its duty (Fig. 9). The 
results of separate investigations nevertheless endorse 
the assumption that a certain measure of positive or 
negative vortex can, on one hand, improve the cavita- 
tion characteristics and on the other, increase the 
delivery head. 

Very particular attention is needed as regards the 
deflections, often provided by blades, between one 
stage and the next. However, it is very important to 
understand the flow as regards deceleration and 
acceleration before the next stage, in order to avoid 
detachment and the formation of eddies. 

The spiral, in which the rotating swirl of the last 
pump stage is dealt with and in which the relatively 
high velocity energy has to be converted for the 
greater part into pressure, calls for careful design of 
the surfaces between the inlet to the spiral and the 
outlet branch (Figs. 10 and 11). 

Nowadays the stage pressures vary between 100 and 








Fig. 7. Investigation of the flow course in the suction or inlet bend of a 
model pump employing air as flow medium. At the point of the runner 
inlet air velocities are measured by means of a Pitot tube as to direction 


and magnitude 
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0 80 100 
DISCHARGE, Q lit./sec. 


Fig. 10. Measurement of pressure distribution at 
runner outlet of a model pump, confirming that the 
spiral is correctly designed, if the lines for pressure 
distribution meet at the point where the pump attains 
its optimum efficiency (Q = 95 lit per sec.), as in the 
case of the example shown. If this point of intersec- 
tion should be displaced to the right or left of the best 
» point, then the efficiencies of runner and spiral do 
not coincide, whereby the maximum possible overall 
efficiency of the pump is reduced. Such trials provide 
a good recheck of the course of the spiral cross section 
as determined by calculations 
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Fig. 8. Model of a draft tube bend 
for tests employing air. Changes 
in the shape of the bend can be 
made at will by simple means, 
until the most favourable condi- 
tions at the runner inlet are found 


Fig. 9. Wooden model of a draft 
tube bend for tests with air. Illus- 
tration of the flow velocities as to 
direction and magnitude on six 
radii and by employing wires, 
gives information as to the nature 
of the existing flow before the 
runner. In the example shown the 
irregular length and directions of 
the wires indicate that admission 
at the inlet of the runner is un- 
even, so that the runner wheel 
cannot, in consequence, operate 
according to the calculation 


Fig. 11 (below). Measurements of 
the velocity distribution and of the 
flow angle at runner outlet pro- 
vide data for calculating and de- 
signing the guide apparatus or 
spiral following the runner. In this 
way the prerequisites are brought 
about for keeping losses at a mini- 
mum and converting kinetic energy 
into pressure with good efficiency 


ANGLE OF FLOW 


MERIDIAN VELOCITY, 
cm2 m./sec. 





200 metres. Consequently all those parts which, owing 
to their functions outside the actual passage of the 
water, can likewise influence the extent of the losses, 
should be very carefully designed; for example, the 
labyrinths which separate high-pressure chambers 
from low-pressure chambers. Endeavours are made to 
increase their resistance figure, i.e., the pressure jump 
based on the velocity of the water flow, this being 
done by novel shaping of the labyrinths so that the 
water losses are kept at a minimum; and at the same 
time short labyrinths are employed. which again 
favourably influence the length of the pump shaft and, 
with it, the critical speed. 

It may be added that both the model impellers and 
guide apparatuses are made according to accurate 
gauges so that they correspond to the calculations 
within the admissible tolerances. Only in this way is 
it possible for the conversion and model laws to be 
employed and the results of the model trials to be 
converted to the full-size machines. This conversion 
of the results of model tests can nowadays be carried 
out with every accuracy with due consideration paid 
to the decisive sizes. 

For conversion to the full-size pumps of efficiencies 
measured on models there is at the present time no 
universally satisfactory formula. In the case of water 
turbines a comparison of the numerous available 
measurements obtained during taking-over trials, with 
the results of model tests, shows that the improvement 


to be expected when converting to the full-sizc 
machine is determined with great accuracy by the 
formula of Ackeret'. With Kaplan turbines most o! 
the figures are between the curves of Ackeret and 
Moody’. For pumps, the flow of which is on the whole 
considerably different from that of a turbine and usually 
retarded, the Ackeret formula has proved very usefu! 
in certain cases. However, other factors play an im 
portant part, influenced by the peculiarities of the 
water flow, so that up to the present dependence has 
to be placed on the company’s own experience. In 
any case, the conversion formulae for pumps such as 
are now proposed can be regarded as having very 
limited validity and only for pumping sets on which 
test data have been collected. 

Since the economy of the pump storage plant is 
dependent on the ratio of the energy obtained during 
turbine operation from the quantity of water pre- 
viously pumped, and the energy employed for the 
pumping operation, all endeavours are directed to 
keeping the energy required for the pumping work at 
a minimum by using pumps of the highest efficiencies 
obtainable. It is only by paying the utmost attention 
to the efficiency of the storage pumps that it is now 
possible to attain overall efficiencies of between 60 
and 70 per cent. 

‘Schweiz. Bauzeitung No. 24 of the 12th June, 1948 
*Schweiz. Bauzeitung No. 24 and VDI No. 4, of the 
Ist February, 1953 





Book Reviews 


Specification for Capacitors for Power Systems (Part 
Il). Issued in 1955 by the International Electrotechni- 
cal Commission and obtainable from the Central 
Office, I.E.C., Geneva, Switzerland. Price 3-75 Swiss 
Fr. 

This publication (No. 70-2) forms the second part 
of specification No. 70-1 which was published under 
the same title a few months ago. The present specifi- 
cation has been approved in draft form by twelve 
countries and lays down the practices to be observed 
in relation to the information that shall be displayed 
on the nameplate (rated output, rated voltage, fre- 
quency, connection symbol, etc.) and then goes on 
to deal with such matters as permissible overloads, 
choice of the rated voltage, operating temperature, 
overvoltages, overload currents, switching and protec- 
tive devices, and testing. 


Annuaire Hydrologique de la France (Hydrological 
Annual of France). Published by Societé Hydrotech- 
nique de France, 199 Rue de Grenelle, Paris 7°. 190 
pp. 104in. x 7in. x 3 in. Illustrated by maps, graphs 
and tables. Price 2,000 frs.; postage 100 frs. 
Numerous hydrological stations have been set up 
throughout France to estimate and record the rain- 
fall and run-off of the main drainage basins. The 
detailed results of this survey, which for these pur- 
poses is divided into the North and Rhone, Massif 
Central, Pyrenean, and Alpine areas, are published 
in the form of tables and graphs. M. de Beauregard 
has prefaced this year-book, which refers to 1953, 
with an analytical synopsis of the results for 1953, 
which proved to be a year of exceptionally low rain- 
fall. The influences of reservoirs, dams and other 
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works are, of course, reflected in such data which are 
thus of immediate importance to the hydroelectrician 
who has to interpret them in the light of such prob- 
lems as the regulation of flow and dam leakage. 


Water Powers of British Columbia. Published by the 
Water Rights Branch, Department of Lands and 
Forests, Province of British Columbia, Canada. 1954. 
182 pp. illus. by half-tone reproductions, diagrams 
and folding maps. 

This publication has been issued with the object of 
presenting a compendium of British Columbia's 
water-power resources, developed and undeveloped, 
with brief descriptions of potential sites for new hydro- 
electric stations. It is thus of prime value to those in- 
terested in the further development of these resources. 

Since 1924, when the last publication of “ Water 
Power Resources of British Columbia” appeared, 
the capacity of the hydro-electric plant installed has 
risen from 350,000 h.p. to 1,390,000, the latter figure 
relating to 1952. On the basis of the 1952 population 
this works out at 1:2 h.p. per capita, thus exceeding 
the average for the whole of Canada by 0-21 h.p. per 
capita. Developments already under construction will 
provide an additional 2 million h.p. and it is estimated 
that the known potential is at least 10 millions. 

For administration purposes, the Province is divided 
into different districts, the boundaries of which con- 
form to the drainage pattern. These districts are con- 
sidered in turn, brief descriptions being given of exist- 
ing stations together with pertinent information about 
undeveloped sites likely to be of interest to indus- 
trialists and others interested in power development. 
The number of undeveloped sites is surprising and as 
the economy of the Province is expanding at a 
phenomenal rate the publication of this report is 
nothing if not timely. 
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Model Tests on a Kemano Turbine 


The No. 3 turbine at Kemano is the result of close collaboration 
between Canadian and French engineers. Some account of 
testing which influenced its design is given by J. Duport, 
Engineer at the Etablissements Neyrpic, Professor at the Ecole 


Nationale Supérieure d’Electricité et 


d’Hydraulique de 


Grenoble, France. 


r is no longer necessary to present the Kitimat- 

Kemano scheme in all its details, and it is sufficient 

for our present purposes to say that the catchment 
area includes a series of streams, situated on an ele- 
vated plateau, and normally flowing eastward, which 
have now been impounded and diverted by dams to 
flow in a westerly direction. The western extremity 
of the plateau is situated some 3,000 ft. above the 
Pacific coast of British Columbia. The live storage 
capacity at an elevation of 2,800 ft. amounts to 5 
million acre-feet. When completed the Kemano power 
station will produce 10,800 million kWh per annum 
and this energy will be generated in an underground 
power station containing 16 units of 106,000 kVA 
each. Each unit consists of a single vertical-shaft im- 
pulse runner, supplied by four nozzles, and capable 
of developing a rated output of 140,000 h.p. under a 





net head of approximately 2,500 ft., with a rotation 
speed of 327 r.p.m. The first stage of power develop- 
ment comprises three units, each of them being manu- 
factured by different makers. In this short article we 
wish to outline some of the essential problems which 
have been solved by co-operation between the techni- 
cal departments of the Dominion Engineering Works 
of Canada and its French colleague, the Etablisse- 
ments Neyrpic in pooling information and experience 
and combining the facilities of their laboratories. 


Use of Scale Models 

Since Neyrpic had already completed many high- 
head impulse turbine installations in Europe, the com- 
pany would easily have been able to design a turbine 
such as that required for Kemano from existing de- 
signs for runners, manifolds, and nozzle assemblies. 


Fig. 1. Low-pressure wye branch testing installation; on right, transparent section for flow observation; in 
centre, special Pitot tube for velocity measurement 
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Fig. 2. Stress measurement on a cast steel model per- 
formed at the Laboratoria Nacional de Engenharia, 
Lisbon 


However, as even a very small increase in efficiency 
is of importance for a machine of this output, and it 
was also necessary to find the most economical solu- 
tion compatible with maximum efficiencies under full 
load, it was considered advisable to use scale models 
to develop the hydraulic design. 

The Manifold. Previous studies have shown that 
in order to obtain high efficiencies at full load, not 
only has the runner to be the correct size, but also the 
manifold and nozzle assemblies have to be as perfect 
in design as possible. The intake pipes play a con- 
siderable part in an impulse turbine, their influence 
being much more important than might be allowed 
for when taking into account only the head losses 
inherent in the piping. Distortions of flow spectra and 
disturbances in the flow pattern upstream from the 
nozzle assemblies have a considerable influence on 
the quality of a jet, and consequently on its efficiency, 
especially when operating at high loads. 

To design this manifold, original wye-branch lay- 
outs were available to Neyrpic; these lay-outs were 
patented by Professor Danel and had been used on 
many occasions for impulse-turbine manifolds. In 
the case of Kemano a study on a scale model (the 
methods employed for this study and the results ob- 
tained will be described in a later paragraph) helped 
to perfect the design so that it was possible to reduce 
somewhat the dimensions of the pipes while pre- 
serving the hydraulic qualities of the installation; this 
represented a new step forward in comparison with 
previous constructional practice. These perfected de- 
signs made it possible, without increasing the dimen- 
sions, to guarantee a considerably higher power than 
was envisaged at the beginning of the study. 

Two methods, each complementary to the other, 
were used for these experimental studies. In a ‘first 
series of tests, the flow was analysed in the different 
“elbow wye-branches” forming the manifold. These 
tests were carried out at low pressure and included 
the measurement of velocity spectra by special Pitot 
tubes and observation of the flow by injections of dye. 
A section of the piping was, of course, transparent to 
enable these tests to be made. The experience acquired 
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in this field allowed the qualities or possible defect: 
in the design to be found directly from the velocity 
spectra and from the flow observed. A method of this 
kind is obviously quicker and more advantageous 
than the direct method involving measurement of 
efficiencies on a scale model turbine. However, it is 
indispensable to check the efficiency characteristics 
of the complete machine by using a scale model and 
this was done, as a second part of the tests, on an 
exact reproduction of the manifold, runner and 
housing. A 1/6 scale model was employed, under a 
test head of 196 ft. 


The runner. The runner design was developed on 
a horizontal scale model with a single nozzle. Tests on 
such a model are quicker and simpler and of course 
all the results obtained are entirely applicable to a 
vertical-shaft unit with multiple jets. The tests mainly 
concerned the shape of the cut outs, together with the 
lead diameter and the number of buckets required. 
The runner developed in this manner was used with- 
out alteration for the vertical-shaft tests with four 
jets, which will now be discussed. 

The Housing. The two companies agreed on the 
principle of a housing very simple in shape and allow- 
ing strong and economical construction. Scale model 
tests were then undertaken to help in deciding the 
minimum dimensions and to settle such important 
points as the shape of the centre section and the 
height between the centreline of the jets and the upper 
part of the housing. These tests were made at the 
Neyrpic Laboratory with a complete model of the 
turbine. At the same time, it was possible to verify 
the influence of some accessories inside the machine, 
such as nozzle baffles, deflectors, deflector operating 
shafts and inspection platforms. Aeration inside the 
housing was also studied by means of this model. 

Scale-model experiments to study problems of this 
nature raises a delicate question of similitude. The 
flow at the runner outlet and the housing is made up 
of sheets of water more or less finely divided, and one 
might think at first that the friction of air and the 
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Fig. 3. One of the model runners used for the Kemano 
tests 
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Fig. 4. Model of four-jet vertical impulse wheel used 
for research and demonstration purposes 


surface tension of the water play a considerable part 
in these phenomena. Long experience, mainly based 
on a comparison between the results of tests on scale 
models and the performances of field prototypes, led 
to the following conclusion:—Provided an adequate 
scale is employed for the turbine dimensions and the 
head, standard laws of turbine similitude (known in 
Europe by the name Combes-Rateau) can be used 
for a study of this kind. At the request of Dominion 
Engineering, Neyrpic nevertheless carried out system- 
atic tests to determine the influence of the head. It 
was found that the test head of 196 ft. normally used 
in the Laboratories at Neyrpic and Dominion 
Engineering was quite sufficient for the results on the 
model to be transposed without correction. 


Hydraulic forces and stress analysis. For a turbine 
of this nature, it is obviously not sufficient merely to 
determine the best hydraulic design: one must also be 
able to find the best possible shapes for the resistance 
of parts, to know the hydraulic forces to which the 
latter are subjected, and to establish the rules neces- 
sary to achieve absolutely reliable construction. 

For the wye-branches forming the manifold, the 
studies and tests showed it would be advisable to 
choose shapes of particular advantage for the distri- 
bution of stresses caused by internal pressure. Pro- 
fessors Danel and Angles d’Auriac found approxi- 
mate formulas which enabled the prior calculation of 
the thicknesses of such parts, but it will readily be 
understcod that a complete calculation is impossible 
and for this reason it is once again necessary to make 
use of experiment. 

Two kinds of experiments were carried out. Firstly, 
tests on scale models of steel wye-branches were made 
for Neyrpic by the National Laboratory of Civil 
Engineering at Lisbon. The method adopted involves 
the use of brittle coatings and both interior and 
exterior strain-gauges. Secondly, Neyrpic constructed 
a fairly large number of wye-branches of this type, 
which were all tested under pressure and checked 
with strain-gauges at some special points. This double 
experiment made it possible to make the No. 3 
turbine at Kemano of very solid and reliable con- 
struction under the best economic conditions. 
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Long experience of industrial installations also 
played an important part in determining the hydraulic 
forces affecting the regulating mechanism, the nozzle 
assemblies and the deflectors. While the scale model 
or calculation led to knowledge of some of these 
forces, others can only become apparent from many 
experiments on an industrial installation. For in- 
stance, friction (deflector journals, needle stem points, 
etc. . . .), the effect of partially worn needles, nozzles 
or deflector caps, are all problems which are difficult 
to solve reliably except by measurements made on 
prototype turbines. 

The most difficult questions of stress analysis are 
those affecting the runner. The matter is made even 
more complicated because it is impossible to carry 
out a complete calculation beforehand of the stresses 
in the different parts of the buckets or of the ring. 
The final design must also provide for good resistance 
from a mechanical point of view, with a correct be- 
haviour against cavitation and, of course, high 
efficiencies. 

With regard to resistance, the problem of fatigue 
also arises because the buckets undergo stresses which 
vary periodically; resistance of the metal does not 
adhere to the same laws as would govern the same 
stress if it were applied statically. As we have said, 
it is impossible completely to calculate the resistance 
of a runner; in consequence, Neyrpic developed 
formulas of similitude and methods of calculation 
which allowed the co-ordination and systematic use 
of knowledge acquired in the construction and opera- 
tion of many other impulse runners. 

Where high heads are concerned, our technique is 
similar to that used by the principal European turbine 
makers, that is, the runner is cast in one piece of high- 
resistant stainless steel. Casting large runners of 
chromium steel naturally raises difficult problems but, 
here again, long experience based on close collabora- 
tion between the constructor and selected steel 
foundries has resulted in a thoroughly reliable 
technique. 





Fig. 5. Complete model assembled in laboratory for 
research tests on manifold, nozzles, housing and 
runner 
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Fig. 1. Sir Adam Beck power station No. 
contain 16 units of 100,000 h.p. each, 


DIRE FS SER BT Ov em FIGS ETE 


(eat 
‘ ili 


“ees pe hoa ee at use =" mayo 
VPN AC 

WE 7, 

a - sas HHO iw 


tre eid F . 4 
- x ce 
4 timed 5, 





2 at Queenston. Ultimately this station will 
12 of which will be in operation this year 


Water-Power Resources of Canada 


We give an abstract of a bulletin* issued by the Department of 
Northern Affairs and National Resources, Engineering and 
Water Resources Branch of the Water Resources Division. 


HE water-power potential of Canada, although 

only partly developed, has exercised a marked 

influence on the economic life of the country 
throughout the present century, during which there 
has been a gradual change from an economy based 
largely on agriculture to one increasingly dependent 
upon industrial operations. This transition, closely 
coinciding with the growth of water-power develop- 
ment, has been accelerating in recent years. The close 
relationship between water power and industry in 
Canada is particularly evident in southern Quebec 
and Ontario which, although lacking in indigenous 
coal, have become the more highly industrialized 
regions of the country through the use of hydro-elec- 
tric power. Also in recent years, the Province of 
British Columbia has been making rapid industrial 
progress coincident with water-power development. 
These three provinces in particular continue to ex- 
perience the rapid industrial growth which is evident 
in varying degree throughout the nation. From the 


* Bulletin No. 2437. copies of which are available on application to 
The Chief, Water Resources Division, Department of Northern Affairs 
ind National Resources, Ottawa, Canada 
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pronounced activity in hydro-electric construction in 
Canada during 1954, it may be concluded that this 
general trend is vigorously continuing. A record-high 
total of 1,758,450 h.p. of new capacity was brought 
into operation during the year and a further large pro- 
gramme of construction is under way. 


Total Available and Developed Water Power 
Table I lists the total water-power resources of 
Canada and the present total capacity of all water- 
power plants in the country, as recently computed 
from the records of the Water Resources Division. 
The Division, under agreements with provincial 
authorities, carries out hydrometric investigations on 
rivers throughout the country and maintains continu- 
ous records of stream flow as accumulated from all 
sources. The estimates of available power are revised 
from time to time as more lengthy stream-flow records 
are accumulated and as more detailed information on 
potential power sites is secured; as defined below. 
estimates are made on the bases of ordinary-minimum 
flow and dependable-maximum flow. In matters relat- 
ing to developed water powers and power output, 


WATER POWER June 195 





7 


Om treme ogee 


oe 








ST 





MILLIONS OF HORSE POWER 


1910 1940 1950 
YEARS 


Fig. 2. Total water power installation in Canada 
1900-1950 


close liaison is maintained with the Dominion Bureau 
of Statistics. The totals of installed horsepower capa- 
city are based upon the manufacturer’s rating of each 
individual turbine and water-wheel, if this informa- 
tion is available. The provincial totals are subject to 
revision from year to year to allow for the dismantling 
of obsolete plants and for changes in plant capacities, 
as well as for the addition of new plants or units. 

In Table I, the power estimates of columns 2 and 3 
have been calculated on the basis of 24-hour power 
at 80 per cent. efficiency. Column 2 lists the estimated 
continuous power ordinarily available at periods of 
low discharge under existing conditions of river flow: 
the “Ordinary-minimum flow” is based on the average 
of the mean flows for the two lowest periods of seven 
consecutive days in each year covered by the period 
of record. Estimates of dependable-maximum power, 
column 3, are based upon the “Ordinary-six-months 
flow” which is the computed dependable stream flow 
usually available for at least six months in the year 
under existing flow conditions. On rivers for which 


TABLE I.—AVAILABLE AND DEVELOPED WATER POWER 
IN CANADA, 1954 























Available 24-hour Power! Installed 
Province or _at 80% efficiency—h.p. | Turbine 
Territory At Ordinary] At Ordinary| Capacity 
Min. Flow |6-Mts. Flow;  (h.p.) 
Sees Oe a ae 
British Columbia ..., 7,023,000 | 10.998,000 | 2,246,868 
Yukon and N.W.T. 382,500 814,000 | 32,440 
Alberta =! 508,000 1,258,000 | 258,710 
Saskatchewan 550,000 1,120,000 109,835 
Manitoba 3,333,000 5,562,000 756,900 
Ontario ... 5,407,000 7,261,000 | 4,845,486 
Quebec ... 10,896,000 | 20,445,000 | 7,773,822 
New Brunswick 123,000 334,000 | 164,130 
Nova Scotia ... 25,500 156,000 | 170,908 
Prince Edward Is. ... 500 3,000 | 1,882 
Newfoundland ...__ 958,500 | 2,754,000 | _ 323.150 
Total... ... .... 29,207,000 | 50,705,000 | 16,684,131 
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there are no specific discharge records, estimates of 
flow are made from all available pertinent information 
relating to run-off in the area. 

With respect to hydraulic head, the figures of 
columns 2 and 3 are based upon the actual drop, or 
feasible concentration of head, which has been 
measured (or at least carefully estimated) at existing 
falls, rapids, and known power sites; no consideration 
has been given to possible economic concentrations 
of head on rivers and streams of gradual gradient, ex- 
cept at those locations where the feasible head has 
been definitely established by field investigations. 
Many unrecorded power sites exist on rivers and 
streams throughout the country, particularly in the 
less explored northerly districts, but these cannot be 
included in the tabulation until more detailed survey 
work has been completed. Thus as regards both the 
total number of sites and the possible head at each 
site, the listed figures of available power represent 
only the minimum water-power possibilities of Canada. 

The turbine installation figures, listed in column 4, 
are the totals of plant capacities computed from the 
manufacturers’ ratings of the units at average operat- 
ing head. Although the maximum economic turbine 
installation at any power site can be determined only 
by careful consideration of all conditions and circum- 
stances pertinent to its individual development, a 
tabulation of the installed capacity of a number of 
typical plants across Canada, located on rivers for 
which adequate discharge records are available, shows 
that it is usual practice to install turbines which have 
a total capacity about 30 per cent. in excess of the 
power equivalent of the six-months flow at the site. 
This additional capacity may have been installed for 
use at peak-load hours, to take advantage of periods 
of high river flow, or to facilitate plant maintenance. 
In some instances, subsequent to plant construction, 
storage dams have been built to provide more uniform 
river flows. In others, deficiencies in power output dur- 
ing periods of low flow have been mitigated by inter- 
connection with other hydro-electric plants which 
operate under different load conditions, or which are 
located on other rivers with different flow characteris- 
tics, or by auxiliary power from thermal plants. 

It may be noted that, because excess capacity is 
usually installed at developed sites, the figures of 
column 4 are not directly comparable with those of 
column 3; that is, in computing the relationship be- 
tween the figures of presently developed power and 
those of total resources, column 3 should be increased 
by 30 per cent. On this basis, the figures of power 
available at “Ordinary-six-months flow,” which total 
50,705,000 h.p., may be said to be conservative as 
these presently recorded water-power resources of 
Canada will permit of an economic turbine installa- 
tion of nearly 66 million h.p. Also, the present total 
turbine installation of 16,684,131 h.p. indicates the 
development of about 25 per cent. of the recorded 
water-power resources of Canada. 

Although extensive use of Canada’s water-power 
resources is being made at the present time, large re- 
serves of potential power are still available. It is true 
that a large number of the more attractive sites within 
economic transmission distance of present centres of 
population already have been developed. However, 
remaining reserves of not-too-distant power are suffi- 
cient in most instances to meet the prospective needs 
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Fig. 3. View showing new Sir Adam Beck No. 2 station on left, and, on right, the older No. I station 


of the more closely settled areas for some years at 
the very least; also, improvements in the technique 
of long-distance transmission, including the use of 
higher voltage, are bringing additional sites within the 
orbit of existing systems. In more remote districts, 
water power will facilitate the utilization of mineral 
and other resources and promote the establishment of 
new communities; from the view point of moving 
Canada’s frontiers northward, the availability of con- 
siderable amounts of potential power in the more 
northern and at present rather inaccessible regions of 
the country is definitely advantageous. 


Provincial Distribution of Water Power 

An analysis of the provincial distribution of 
Canada’s potential and developed water powers, as 
listed in the above Table I, shows that, on the whole, 
important resources are well distributed throughout 
the country and that, even at the present stage of 
development, considerable blocks of hydro-electric 
power are being produced in all provinces, with the 
exception of Prince Edward Island, where resources 
are small. The Provinces of Ontario and Quebec con- 
tain nearly 55 per cent. of the total potential power 
and nearly 76 per cent. of the developed power; about 
35 per cent. of their presently recorded total resources 
being now developed. By use of water power, these 
central provinces have become highly industrialized. 
As the development of Canada’s natural resources 
proceeds, the fortunate incidence of water power in 
proximity to mineral deposits, pulpwood, and other 
natural resources is becoming more apparent. 

British Columbia, traversed by three distinct moun- 
tain ranges and with, on the whole, a high rate of 
precipitation, has many mountainous rivers which 
offer opportunity for power development. The pro- 
vince ranks second in available resources and is ex- 
ceeded only by Quebec and Ontario in installed 
capacity. Practically all present developments are 
located in the southern portion of the province, the 
largest being the Bridge River plant of the British 


939 


Columbia Electric Co. Ltd., 248,000 h.p. The British 
Columbia Power Commission, which was organized 
in 1945, has become an important power-producing 
and distributing agency. 

The water powers of the Yukon and Northwest 
Territories, although of considerable extent, are so re- 
motely located as to limit their present commercial 
development to local mining uses. However, owing to 
lack of native fuel and to transportation difficulties, 
they are of special importance in the development of 
mining areas such as Yellowknife, Northwest Terri- 
tories, and Mayo, Yukon Territory. 

In Alberta, the larger hydro-electric developments 
from which Calgary Power Limited serves a large 
part of the southern portion of the province, are loca- 
ted on the Bow River and tributaries. The greater 
part of water-power resources is located in the nor- 
thern half of the province, rather remote from present 
centres of population. 

In Saskatchewan, water-power developments are 
confined to mining uses in the northern areas, in which 
water-power resources are abundant. The transmis- 
sion network of the Saskatchewan Power Corporation 
of the Provincial Government, serving the more set- 
tled areas, is supplied exclusively by fuel-power 
plants. Large reserves of coal, oil, and natural gas are 
located in both Saskatchewan and Alberta; these fuels 
provide the more economic sources of power in many 
parts of both provinces, particularly in southern 
Saskatchewan. 

Of the Prairie Provinces, Manitoba has the largest 
water-power resources, there being great potential 
power on the Saskatchewan, Nelson, and Churchill 
Rivers. The larger present developments are located 
on the Winnipeg River and serve Winnipeg, adjacent 
municipalities, and the transmission network of the 
Manitoba Power Commission. The Commission is at 
present serving about 400 municipalities and is carry- 
ing out a vigorous programme of rural electrification, 
it being estimated that 41,000 farms were receiving 
service at the end of 1954. 
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Ontario has large power resources, being exceeded 
in this respect only by Quebec and British Columbia. 
It has developed about 51 per cent. of its potential 
power and ranks second in power production among 
the provinces. The Hydro-Electric Power Commission 
of Ontario is the greatest power-producing and dis- 
tributing organization in Canada; it operates 60 hy- 
draulic generating stations with a total capacity of 
nearly 4 million h.p., the largest development being 
on the Niagara River at Queenston where the 1954 
capacity of the Sir Adam Beck-Niagara Generating 
Stations Nos. | and 2 was 1,295,000 h.p. In addition 
the Commission purchases nearly | million h.p. on 
contract. At the end of 1954, power was being sup- 
plied to roughly 1,300 municipalities; rural electrifica- 
tion receives special consideration and approximately 
136,000 farms are now being served. 

The Province of Quebec is richest in water-power 
resources, containing more than 40 per cent. of the 
total recorded for Canada. Quebec also ranks highest 
in developed power, its present installation of 
7,773,822 h.p. being more than 46 per cent. of the 
total for all provinces and representing the develop- 
ment of about 30 per cent. of its presently recorded 
resources. Two of the larger hydro-electric plants in 
the world, one of which exceeds in size all others in 
Canada, are located in this province. The Quebec 
Hydro-Electric Commission’s Beauharnois develop- 
ment on the St. Lawrence River has a present capacity 
of 1,408,000 h.p. and the Shipshaw plant of the Alu- 
minum Company of Canada on the Saguenay River 
is rated at 1,200,000 h.p. Power production in the pro- 
vince is greatly facilitated by the regulation of stream 
flow by the Quebec Streams Commission through the 
storage dams it operates or controls. Rural electrifica- 
tion has made good progress with about 100,000 of 
the 140,000 farms in the province now receiving ser- 
vice; further extensions through co-operative distribu- 
tion systems are being fostered by the Quebec Rural 
Electrification Bureau. 

The water powers of New Brunswick and Nova 
Scotia, although small in comparison with the resour- 
ces of other provinces, constitute a valuable source of 
power; both provinces have numerous rivers upon 
which moderate power developments may be made 
within economic transmission distance of the principal 
cities and towns; other sites are advantageously situa- 
ted for the utilization of timber and mineral resources. 
These provinces also are favoured with abundant in- 
digenous coal supplies. In Prince Edward Island, there 
are no large streams and consequently water-power 
sites are limited in size to those used for small mills. 

Owing to lack of stream-flow data, Newfoundland’s 
important water-power resources have been only ten- 
tatively evaluated. On the Island, while the rivers are 
short, topography and run-off conditions are favour- 
able to power development; in Labrador, the Hamil- 
ton River has a high power-potential. Considerable 
development has taken place on the Island, the larger 
developments having been made to serve the pulp- 
and-paper industry. 


Progress in Development During 1954 

In 1954, all records for the amount of new hydro- 
electric generating capacity brought into operation in 
Canada during a period of one year were broken 
when capacity totalling 1,758,450 h.p. was completed. 
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This may be compared with the previous high year 
of 1952 during which 1,066,250 h.p. was brought into 
service. Although the larger additions were made in 
Ontario and British Columbia, new plants and exten- 
sions to existing stations were well distributed across 
Canada. 

A detailed review of new and prospective develop- 
ments was given in the Division’s free bulletin No. 
2429, “Hydro-Electric Progress in Canada, 1954,” 
which was issued on January 1, 1955, and is still 
available upon request. The following is a brief list 
of the hydro-electric developments completed or 
under construction in 1954, or proposed for 1955 
initial construction: 

British Columbia 
(1) First stage completed on Kemano-Kitimat deve- 
lopment of Aluminum Company of Canada— 
450,000 h.p. in three units; fourth unit under con- 
struction for 1955. 
Consolidated Mining and Smelting Company, 
Waneta plant, Pend d’Oreille River—240,000 h.p. 
in two units; provision for two additional units. 
British Columbia Electric Company. 
(a) New unit of 62,000 h.p. added to Bridge River 
plant, bringing capacity to 248,000 h.p. 
(b) Work commenced on Seton Creek develop- 
ment of 58,500 h.p. for 1956 operation. 
British Columbia Power Commission, 
(a) Work under way on Puntledge River develop- 
ment of 35,000 h.p. for 1955 completion. 
(b) Spillimacheen River project under construc- 
tion—5,250 h.p. in three units for 1955 opera- 
tion and with provision for fourth unit of 
3,000 h.p. 
(c) Ladore Falls, Campbell River—70,000 h.p. 
for construction in 1955 for 1956 operation. 
Northern British Columbia Power Company’s 
plant of 1,650 h.p. at Woodworth Lake which was 
destroyed by fire is to be replaced in 1955. 
Yukon Territory 
(1) Northwest Power Industries Limited continued 
surveys on diversion of Yukon River, covering 
initially the development of 880,000 h.p. but per- 
haps ultimately 4,300,000 h.p. 
(2) Yukon Hydro Company Limited, McIntyre Creek 
—800 h.p. for construction in 1955. 
Alberta 
Calgary Power Limited. 
(a) Bearspaw development on Bow River—20,750 
h.p. completed. 
(b) Ghost Plant, Bow River—30,000 h.p. added, 
plant capacity now 66,000 h.p. 
(c) Kananaskis River, Upper Kananaskis Lake— 
6,900 h.p. under construction for 1955. 
(d) Kananaskis River, Pocaterra site—18,500 h.p. 
under construction for 1955 operation. 
Manitoba 
Manitoba Hydro-Electric Board, McArthur Falls, 
Winnipeg River—40,000 h.p. in four units instal- 
led; completion of plant of 80,000 h.p. scheduled 
for 1955. 
Ontario 
(1) Hydro-Electric Power Commission of Ontario, 
(a) Sir Adam Beck-Niagara Generating Station 
No. 2, Niagara River—735,000 h.p. in seven 
units installed; completion of plant of 
1,260,000 h.p. in 1955. 
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Fig. 4. Manitou Falls Project, on English River, North-west Ontario. This illus- 

tration shows the partially built coffer dem and the rock plug, D (since removed) 

blocking the diversion channel C. This scheme will contribute 56,000 h.p. to the 
Ontario Hydro network 


(b) Construction begun on pumped storage reser- dam above Niagara Falls, with two of the 
voir and plant adjacent to intake canal of designed thirteen gates to be in operation in 
above station—six reversible units each of 1955. 

40,000 h.p. to be installed for 1956 operation. (d) Pine Portage generating station, Nipigon 

(c) Construction begun on international control River—90,000 h.p. added; total capacity now 


172,000 h.p. 

(e) Construction begun at Manitou Falls, English 
River—55,500 h.p. for 1956 operation and 
provision for fourth unit. 

(f) Preliminary construction on_ international 
rapids, St. Lawrence River—1,200,000 h.p. in 
Canada, initial operation 1958. 

(2) Great Lakes Power Company, McPhail Falls, 
Michipicoten River—15,000 h.p. completed. 

Quebec 

(1) Quebec Hydro-Electric Commission. 

(a) Rapid II, Upper Ottawa River—32,000 h.p. 
in two units installed; third unit under instal- 
lation for 1955 operation, provision for fourth 
unit. 

(b) Construction begun on Bersimis River project 
—450,000 h.p. for 1956 operation and ulti- 
mately 1,200,000 h.p. in eight units. 

(2) Shawinigan Water and Power Company, St. 
Maurice River—under installation for 1955 
operation, an additional unit in each of three sta- 
tions, total 158,500 h.p. 

(3) Gatineau Power Company, Paugan Falls, Gati- 

neau River—new unit, 47,000 h.p. under installa- 

tion for 1955 operation. 

Northern Quebec Power Company, Quinze Plant, 

Ottawa River—new unit under installation for 


Fig. 5. Control gates for Sir Adam Beck-Niagara No. 1955, 35,000 h.p. 
2 Generating Station. The towers are enclosed in (5) Ste. Marguerite Power Company, Ste. Marguerii¢ 
aluminium sheeting and house gates weighing 200 tons River—plant of 17,000 h.p. completed. 
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(6) City of Megantic, Chaudiere River, Gayhurst site 
4,500 h.p. in two units completed. 

(7) Quebec Rural Electrification Bureau, Petites Ber- 
geronnes River, Lac des Sables—1,200 h.p. in 
stalled. 

New Brunswick 
The New Brunswick Electric Power Commission, 
Saint John River, Beechwood site—proposed ini- 
tial construction in 1955 of 90,000 h.p. for opera- 
tion in i957, provision for third unit. 

Nova Scotia 

(1) Nova Scotia Light and Power Company, Nictau 
River—9,000 h.p. completed. 

(2) Nova Scotia Power Commission, Mersey River, 
Lower Great Brook—6,000 h.p. under construc- 
tion for 1955 operation. 


Newfoundland 

(1) Iron Ore Company of Canada, Ashuanipi River, 
Menihek Rapids—12,000 h.p. installed; provision 
for two additional units, 

(2) Union Electric Light and Power Company Limi- 
ted, Trinity River—2,000 h.p. under installation 
for 1955 operation. 

(3) United Towns Electric Company, New Chelsea 
Brook—development of 2,000 h.p. planned for 
1955 construction. 


Growth of Water-Power Development 

Since the beginning of the present century, follow- 
ing the inception of long-distance transmission of elec- 
iricity, water-power development in Canada has un- 


dergone a remarkable growth, the total installation of 
177,323 h.p. at the end of the year 1900 being insigni- 
ficant in comparison with the 16,684,131 h.p. installed 
by the end of 1954. The rapid and continuous growth 
in installed capacity is illustrated on the diagram be- 
low which shows the total installation in millions of 
horse-power at the end of each year, 1900 to 1954. 
The capacity of the Province of Newfoundland has 
been included in the total for Canada from 1949 for- 
ward. 

During the present century, the growth in the total 
of hydraulic installations in Canada has been continu- 
ous and the rate of growth has tended to accelerate. 
In the period 1900-1905, the average annual increase 
was only 56,000 h.p. but this was sharply stepped up 
in subsequent years, largely due to improvements in 
electrical transmission and the building of large cen- 
tral stations. During the period 1906-1922 inclusive, 
development proceeded at a fairly uniform rate of 
150,000 h.p. per year. As a result of the heavier de- 
mand for electricity during the prosperous 1920's, the 
rate of installation increased sharply in 1923 and con- 
tinued at a nearly uniform rate of 377,000 h.p. per 
year for the period 1923-1935 inclusive. As large-scale 
hydro-electric projects take considerable time to com- 
plete, there is a lag between construction and demand, 
the latter responding quickly to general economic con- 
ditions. When the demand for power fell off during 
the 1930’s, projects under way were carried to comple- 
tion but the result of the economic depression is 
reflected in the low rate of installation during the 
years 1936-1939 inclusive. The great demand for 





Fig. 6. Model of stretch of St. Lawrence River involved in Seaway Scheme 
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hig Sr. Lawrence Seaway Scheme: making sourd- 
ings by means of heltcopter 


power for war purposes accounts for the high average 
rate of increase of 481.000 h.p. per year during the 
period 1940-1943 inclusive. Few developments were 
undertaken in the later war years or in the rmmediate 
post-war period, so that only a small amount of new 
capacity came into operation from 1944 to 1947 in- 
clusive. However, the results of the later post-war 
programme of construction are apparent in the 
amount of growth in the years 1948 to 1954, the aver- 
age rate being about 885,000 h.p. per year. Present 
programmes of expansion indi- 
cate a continuation of this rate of 
growth for some years. It may be 
noted that in 1954, 87 per cent. 
of the total installation of water- 
power plants in Canada was of 
the central-station type, as com- 
pared with 33 per cent. in 1900. 


Coal Equivalent of Developed 
Water Power 

Alternative to production from 
water power, electrical energy in 
large amounts is most frequently 
produced by steam from coal- 
fired boilers. Hence the importance 
of water power in the economy of 
power production in Canada may 
be indicated by a computation of 
the quantity of coal which would 
have been consumed if steam had 
been used to produce the total 
amount of power realized from 





hydraulic sources during 1954. 

The efficiency of steam-electric plants has been ris- 
ing and records of coal consumption indicate that at 
the present time the production of one kilowatt-hou: 
of electricity requires on the average the burning of 
about 1-05 pounds of coal. Each installed horse-powe: 
of water-power turbine capacity, if assumed to be i 
full operation throughout the year, would producc 
about 6,200 kW. hrs. of electricity and thus might be 
said to represent the equivalent of about three and 
one-quarter tons of coal. However, owing to varia 
tions in river flow and in power demand, water-powe1 
plants are not operated at full capacity and total 
yearly production is considerably less than the theore 
tical maximum. Records of the output of central sta 
tions are available but only an estimate can be made 
of the power developed by other hydraulic plants. The 
use which is made of the power also has a bearing on 
the computation as secondary power, which is used 
largely for steam raising in electric boilers, more pro- 
perly should be equated to the heating value of coal 
However, taking account of the hydro-electric central- 
station output which was actually consumed in 
Canada in 1954, by making an estimate of the power 
produced by other hydraulic plants, and by differen- 
tiating between primary power and secondary power. 
the total hydraulic power production is computed to 
be roughly the equivalent of the steam which could 
be produced by the burning of 35,300,000 tons of coal 
This is approximately equal to the total consumption 
in Canada in 1954. 


Developed Power in Relation to Population 

lable Il overleaf lists the estimated population of 
Canada by provinces as of June Ist. 1954, for com- 
parison with the installed capacity of present water- 
power developments. The average installation per 
thousand of population is 1,098 h.p.. which places 
Canada in an outstanding position in respect to water- 
power development and. on this basis, second only 
to Norway among countries of the world. In total 
water-power installation, Canada is exceeded only by 
the United States. 

The per capita figures of provincial installation 





Fig. 8. View of Sit. Lawrence River with present canal in foregroun 
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TasLe Il.—ToTat HYDRAULIC INSTALLATIONS IN RELATION 
TO POPULATION 

| Intallation 

Province or Installed Population per thousand 

lerri Capacity June 1, 1954) population 
erritory (h.p.)—1954 oo a 
eM oe: ,__{h-p.) 

1 2 3 | 4 

British Columbia ...| 2,246,868 | 1,266,000 1,775 
Yukon and N.W.T. | 32,440 | 27,000 1,201 
Alberta | 258,710 | 1,039,000 249 
Saskatchewan 109,835 878,000 125 
Manitoba 756,900 | 828,000 914 
Ontario ... 4.845.486 | 5,046,000 960 
Quebec wes eee} 7,773,822 | 4,388,000 1,772 
New Brunswick ... 164,130 547,000 313 
Nova Scotia... ... 170,908 673,000 ; 254 
Prince Edward Is.... 1,882 105,000 3 18 
Newfoundland ‘p? 323,150 398,000 812 
Total 16,684,131 15,195,000 1,098 


partly reflect the extent and character of the utiliza- 
tion of water power in each province. The Province of 
British Columbia ranks first among the provinces in 
per capita installation, 1,775 h.p. per 1,000 popula- 
tion, chiefly owing to the large blocks of power re- 
quired for its metallurgical, mining and forest-product 
industries. The Province of Quebec has the largest 
total installation and, although having a much larger 
population, closely approaches British Columbia in 
per capita installation with a rate of 1,772 h.p.; 
Quebec’s immense production of aluminium and 
newsprint absorbs large quantities of power, and 
appreciable amounts also are transmitted to Ontario. 
Yukon and Northwest Territories, with very sparse 
populations but with a relatively heavy power-demand 
for gold mining, show an abnormal rate of 1,201 h.p. 
which is scarcely comparable to those of the provin- 
ces. Ontario, with the largest population, is second in 
total hydraulic installation and has a rate of 960 h.p. 
per 1,000 population: however, this is not a true in- 
dication of the use of hydro-electric power as addi- 
tional energy is received from Quebec; Ontario’s 
power consuming industries are very diversified. In 
Manitoba, which has a rate of installation of 914 h.p., 
a large part of the power produced is consumed in 
the industrially important city of Winnipeg. The com- 
paratively high rate of 812 h.p. in Newfoundland is 





Fig. 9. Measuring water levels with point gauge on 
model of St. Lawrence River for Seaway Scheme 


due principally to large pulp-and-paper installations. 
New Brunswick has a rate of 313 h.p. and Nova 
Scotia, 254 h.p. per 1,000 population: the water-power 
resources of these provinces are rather limited and 
considerable power is developed from coal. In Alberta 
and Saskatchewan, with rates of respectively 249 h.p. 
and 125 h.p. per 1,000 population, water-power re- 
sources are located largely in the northern parts of 
the provinces, rather remote from present main cen- 
tres of population which are served largely by ther- 
mal-electric plants. Prince Edward Island has only 
minor water-power resources which accounts for the 
low rate of installation, 18 h.p. per 1,000 population. 





Tenders Called For Transformer Bank. The State 
Hydro-Electric Department of New Zealand has 
called tenders for the supply and delivery at Welling- 
ton of one 30,000 kVA, 100/33 kV transformer bank 
and spare unit for the Melling sub-station. 

Tenders will be received by the Secretary, Tenders 
Commitee, State Hydro-Electric Department, Welling- 
ton, up to July 12, 1955. 


Turbines for Shin Project.—Gilbert Gilkes & Gor- 
don Ltd. have recently received an order from the 
North of Scotland Hydro Electric Board for two tur- 
bines for the Shin project. These two turbines are a 
456 h.p. Francis turbine and a 177 h.p. Turgo im- 
pulse wheel. required for installation in the Cassley 
aqueduct power station. They will each be coupled 
to an induction generator, manufacturered by Bruce 
Peebles and Co. Ltd. of Edinburgh. 


A.E.G. Means Electricity. Under this title Allgemeine 
Elektricitits Gesellschaft of Berlin and Frankfurt have 
WATER 
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issued an excellently turned-out booklet “to tell old 
friends and new acquaintances” of their past activities 
and their present manifold enterprises. The booklet is 
in English and fully illustrated. 


Oil Circuit-Breakers. Cooke & Ferguson Limited, 
England, have issued two new folding leaflets, num- 
bered SIOIl and $106, which describe respectively 
their D4 and C4 oil circuit-breakers. 


Reyrolle Switchgear. A. Reyrolle & Co. Ltd., of 
Hebburn, Co. Durham, England, have published an 
illustrated pamphlet (No. 1249) which gives a full 
technical description of their Class-SA air-break 
switchgear rated up to 150 MVA at 3300 V. 


On-Load Tap-Changing Gear. A_ well-turned-out 
pamphlet (Publication No. 51105) issued by the Brush 
Electrical Engineering Co. Ltd., Loughborough, 
England, illustrates and describes their on-load tap- 
changing gear for voltages up to 33 kV and currents 
up to 400 amp. 
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Abstracts from the 
World Technical Press 


Bhakra-Nangal Power System 

This paper, read at a meeting of the Society of 
Power Engineers, held at Simla, discusses some of the 
technical problems which confronted the designers of 
the Bhakra-Nangal Power System; for example, 
general layout, characteristics and features of the two 
groups of power plants, Bhakra and Nangal, co- 
ordinated operation of the two groups, transmission 
system, sub-stations, and co-ordination of insulation 
(H. R. Bhatia, Project Engineer to P.W.D. Electricity 
Branch Punjab, Power Engineer, Vol. 4, No. 4, 
October, 1954, p. 176, 10 pp., 8 ff.) 


Foundation Problems in Storage Dams 

This paper, read at the Third International Confer- 
ence on Soil Mechanics and Foundation Engineering 
held in 1953 at Zurich and Lausanne, discusses two 
problems arising from the deformation of the founda- 
tions of storage dams on the basis of investigations 
carried out on two major Swiss structures of uncom- 
mon height: the 230 m. Mauvoisin arch dam and the 
280 m. Grande Dixence gravity dam. The first part of 
the paper briefly discusses both dams in relation to 
the distribution of stresses affecting foundations as 
ascertained by photo-elasticity tests. The second part 
is divided into two sections: A, deformation of the 
supporting areas of the dam (settling, slip, rotation. 
under the effect of the pressure of the dam); B, de- 
formation of the basin of the reservoir in the vicinity 
of the dam, resulting from the pressure of the im- 
pounded water. The tests relating to A, with a view 
to determining a basic modulus of elasticity, were 
made by means of flat jacks of the Freyssinet type 
in 14 cavities, eight excavated in glossy schists or 
caleschists at Mauvoisin, and six in schists at La 
Dixence. All these cavities were sufficiently large (8 m. 
long, 2 m. wide, 5 m. high at Mauvoisin) to enable 
measurements to be made at many different points. 
The deformations were ascertained in relation to a 
rigid frame resting on four points sufficiently distant 
from the areas submitted to the action of the jacks. 
Satisfactory results can be obtained only with a pres- 
sure about equal to that exerted by the dam (50 kg. 
per sq. centimetre), and applied to a large testing area 
(1 to 2 sq. m.). With regard to B. observation has 
proved that the impounding of an artificial lake results 
in the “widening” of the valley upstream of the dam. 
In the case of an arch dam, this receding of the 
slopes of the basin produces effects similar to those 
resulting from the cooling of the dam, that is to say, 
fairly extensive pulls occur at the springing of the 
extrados and at the crown of the intrados. In the case 
of gravity dams, normal calculation is not affected but 
there is a risk of undue gaping at the contraction 
joints. With regard to both Grande Dixence and 
Mauvoisin, it is very important to establish whether 
the “widening” of the valley is restricted to a few 
millimetres or extends to several centimetres. The 
tests were carried out on a model of the basin in 
which the slopes consisted of a thick layer of sponge 
rubber with a modulus of elasticity of about 1:4 kg. 
per sq. centimetre. The deformation of the basin, 
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when being filled with water, can be easily measured, 
and, to check similitude, the experiment was systema- 
tically repeated on models of various scales. The test 
results, compared to calculation, proved satisfactory 
and were, in fact, fairly similar to the results of the 
calculation made for the Hoover Dam basin by the 
Bureau of Reclamation, the difference in the modulus 
of elasticity being duly taken into account. The values 
arrived at (20 to 25 m.m. for a height of 280 m. and 
with a modulus of elasticity of the rock of 100 metric 
tons per sq. centimetre) can be applied to the calcu- 
lation of arch dams; in the case of gravity dams, the 
values supply an indication as to what exient con- 
traction joints must be re-grouted to cope with the 
receding of the slopes of the valley. The author con- 
cludes that if preliminary calculations and laboratory 
tests can give valuable hints towards a solution of 
the problems instanced, the complete solution will be 
possible only after a de situ examination of the 
behaviour of the dams and the rock involved has con- 
firmed or corrected the theoretical findings. (Alfred 
Stucky, Consulting Engineer, Professor at Ecole Poly- 
technique, Lausanne, Bulletin Technique de la Suisse 
Romande, Vol. 80, No. 21, October 16, 1954, p. 317. 
9 pp., 13 ff.; No. 22. October 30, 1954, p. 329, 8 pp., 
14 ff.) 


Protecting a Substation from Falling Rock 

A 150 ft. high cliff, from which rock falls are a 
fairly frequent occurrence, rises above the Cabinet 
Gorge plant of the Washington Power Company. On 
a shelf above the powerhouse, two banks of 42,500 
kVA single-phase transformers run parallel and ad- 
jacent to the cliff, and. higher up, another shelf ex- 
tends the full length of the power station and across 
one end; a concrete slab on this upper shelf and a 
34 ft. curb on its outer edge form a debris-trapping 
gutter. It was soon discovered, however, that rocks 
falling from high up struck lower on the face of the 
cliff, bounced clear of the gutter, and landed in the 
transformer bay. As the nature of the rock ruled out 
the use of rock bolts, and guniting of the whole face 
of the cliff would have proved costly and uncertain. 
it was decided to guide rock falls into the existing 
gutter by means of a wire screen. This 23,000 sq. ft. 
screen consists of 100 ft. lengths of 12 ft. wide No.9 wire 
fencing with a 2 in. mesh. The method of placing the 
screen was as follows: rubber-tyred automobile wheels 
were attached to either end of a steel shaft slightly 
extending in length the width of the roll of fencing, 
i.e., 12 ft., the end of a 50 ft. roll of mesh was loosely 
wired to the shaft so that it could turn freely, and the 
assembly was hoisted up the face of the cliff by a 
truck-mounted derrick at the top. As a roll uncoiled 
at the bottom of the cliff, the second roll was attached. 
Neighbouring strips of mesh were fastened together 
by men suspended in boatswain chairs who weaved a 
a strand of No. 9 galvanised wire through the adjoin- 
ing edges. (Electrical World, Vol. 142, No. 6, October 
18, 1954, p. 148, 1 f.) 


New Swiss Hydro Development Company. According 
to the Swiss Bulletin of Commerce a new limited 
liability company has been registered under the style 
of Société des Forces Motrices du Grand-St-Bernard, 
at Bourg-St-Pierre, for the purpose of developing and 
operating the hydro-electric resources in the upper 
basin of the Drance d’Entremont and elsewhere. 
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